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Ac : acetyl 
APCI : atmospheric pressure chemical ionization 
AUC : area under the curve 
BALF : bronchoalveolar lavage 
BLT : leukotriene B4 receptor 
Boc : tert-butoxycarbonyl 
brs : broad singlet 
Bu : butyl 
COX : cyclooxygenase 
CRTH2 : chemoattractant receptor-homologous molecule expressed on Th2 cells 
CysLT : cysteinyl leukotriene receptor 
Dex : dexamethasone 
DMF : N,N-dimethylformamide 
DMSO : dimethyl sulfoxide 
DP : type D prostanoid 
ESI : electrospray ionization 
Et : ethyl 
HOBT : 1-hydroxybenzotriazole 
IAR : immediate asthmatic response 
ICS : inhaled corticosteroid 
IL : interleukin 
LAR : late asthmatic response 
Me : methyl 
J : coupling constant 
LABA : long acting β2 agonist 
MS : mass spectrometry 
NaHMDS : sodium hexamethyldisilazide 
NMR : nuclear magnetic resonance 
OVA : ovalbumin 
PGD2 : prostaglandin D2 
rt : room temperature 
ppm : parts per million 
SABA : short acting β2 agonist 
sRaw : specific airway resistance 
t- : tertiary 
TFA : trifluoroacetic acid 
THF : tetrahydrofuran 
Th2 : T helper 2 
TLC : thin-layer chromatography 
TMAD : N,N,N',N'-tetramethylazodicarboxamide 
TMS : trimethylsilyl 
TXA2 : thromboxane A2 
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気管支喘息患者数はここ 20 年間増加している。全世界では約 3 億人、2) 日本国内に
おいても 500 万人以上の患者が存在し、さらに世界では毎年約 25 万人、日本でも毎年











（T helper 2: Th2）細胞へと分化することから始まる。分化した Th2 細胞は気道の炎症
局所へ遊走し、インターロイキン 4（interleukin-4: IL-4）、IL-5、 IL-9、IL-13 等のサイ
トカインを産生するため、アレルギー性気道炎症発症において重要な役割を果たすと
考えられている。6) IL-4 及び IL-13 は B 細胞からの特異的 IgE 産生を誘導し、その IgE
は肥満細胞の細胞表面と結合し、感作状態となる。新たな抗原進入時には、IgE により


























Figure 2. 喘息治療薬の分類 
 
長期管理薬は、喘息症状の持続的コントロールの目的で長期に渡って使用される治療
薬であり、吸入ステロイド（inhaled corticosteroid: ICS）、抗 IgE 抗体、徐放性テオフィ
リン薬、ロイコトリエン受容体拮抗薬、長時間作用性 β2刺激薬（long acting β2 agonist: 




















（short acting β2 agonist: SABA）が主に使用され、その他、短時間作用性テオフィリン
薬やステロイド薬も使用されることがある。気管支喘息の治療は、これら薬剤の適切
な使用で大幅な進歩を遂げ、喘息死の患者数も減少に転じた。一方で、ICS でコント



















Type D prostanoid（DP）受容体に加え、新たなPGD2の受容体として、Chemoattractant 





























ール酢酸構造を有する化合物OC000459が報告され、 35) さらにNovartis社、 36) 
AstraZeneca社、37) 7TM社 38) 等からもCRTH2拮抗物質に関する報告がなされているこ




















































第 1 章 CRTH2 アンタゴニスト活性を有する新規イソキノリン誘導体の創出 
 
第 1 節 ファーマコフォア仮説に基づく拮抗物質設計 
 
 新規な CRTH2 拮抗物質をデザインするために、これまでに報告されている、Figure 
6 に示す化合物 1, 41) 2, 37) 3, 38) および 4 42) の CRTH2 拮抗物質の構造情報を三次元的



















本研究における三次元的な重ね合わせは Chemical Computing Group 社（Montreal, 
Canada）のソフトウェア MOE を用いて作成され、このモデルから 3 つの化学構造的
特徴の重なりが示唆された。すなわち、A 部位として縮環を含む芳香環部位、リンカ
ー部位を挟んだ B 部位として様々な置換基を有する芳香環部位、そして C 部位として
カルボン酸部位である。Merck 社、Astrazeneca 社、Oxagen 社等の他社から出願されて
いる特許では、A 部位に特徴的な新規骨格を有している化合物群の報告が多く見られ
たことから、筆者も B、C 部位を固定し、A 部位に新規の基本骨格を有する CRTH2 拮
抗物質の創出を目指し、探索を行うこととした。その結果、イソキノリン骨格を有す
る化合物 5-1 に弱いながらも CRTH2 結合阻害作用があることを見出した。 
 そこで、まず、ファーマコフォアとして広い脂溶性ポケットであり、多様な構造が
許容されると推測される、化合物 5-1 のアミド末端部位（B 部位）の誘導化を実施し、
より強力な結合阻害作用を有する化合物を探索することとした。 















第 2 節 イソキノリン誘導体 －アミド末端誘導体の合成－ 
 
 設計したイソキノリン誘導体 5-1 の合成経路は大きく分けて二通りの経路が考えら
れた。すなわち、原料となる methyl 1-chloroisoquinoline-4-carboxylate (6) に対しカルボ
ニルリンカー部位の構築を行った後、カルボン酸部位の増炭反応、アミド化を行う経





Figure 8. イソキノリン誘導体の合成計画 
 
化合物 5-1 のアミド末端メチル部位を変換した化合物を合成するためにはリニアな
経路になるが、経路 A の方が効率的である。以上の合成戦略を基にして、Scheme 1 に












化合物 5-1 – 5-33 は、出発原料である 2-(4-aminophenyl)acetonitrile (11) から 9 工程
にて合成した。すなわち、化合物 11 を Boc 保護した後、塩基性条件下で methyl 
1-chloroisoquinoline-4-carboxylate (6) と付加－脱離を経て連結させ、続いて酸素雰囲気
下で酸化的脱シアノ化反応を行い収率 58%で化合物 13 を得た。化合物 13 を加水分解
し、得たカルボン酸 14 を oxalyl chloride と反応させて酸クロリドとし、
trimethylsilyldiazomethane を反応させることでジアゾケトン中間体とした。Wolff 転位
によりジアゾケトン中間体をカルボン酸とした後、45) trimethylsilyldiazomethane でメ
チル化することで 1 炭素増炭したメチルエステル 15 へと変換した。TFA を用いて脱
Boc保護を行った後、各種対応する酸クロリドと反応させアシル化を行い、化合物17-1 
– 17-32 を 得 た 。 一 方 、 化 合 物 17-33 は 化 合 物 16 に 対 し て
1,2-dichloro-4-isocyanatobenzene を DMF 中で作用させることで、収率 56%で得た。最
終工程において、化合物 17-1 – 17-33 を塩基性条件下で加水分解し、目的のイソキノ















第 3 節 イソキノリン誘導体 －アミド末端誘導体の構造活性相関－ 
 
第 1章の第 2節で合成した化合物群の CRTH2結合阻害活性およびCa流入試験に
よるアンタゴニスト活性の結果を Table 1 および Table 2 に示す。CRTH2 結合阻害活
性試験は、CRTH2 を安定発現させた KB8 細胞を用いて行い、被験化合物非存在下に
おける[3H]-PGD2の結合量に対し、50%抑制する被験化合物の阻害濃度（IC50値）によ
り各化合物の CRTH2 に対する親和性強度を求めた。23, 46) また、CRTH2 アンタゴニ











 まず、アルキル基および無置換芳香環をアミド末端へ導入した化合物の CRTH2 結合
阻害活性及びアンタゴニスト活性について述べる。メチル基の代わりに、より嵩高い
シクロプロピル基、シクロヘキシル基、シクロヘキシルメチル基、またはアダマンチ
ルメチル基を導入すると、化合物 5-1 に比べて CRTH2 結合阻害活性は向上したものの
（5-2: IC50 = 50 nM、5-3: IC50 = 14 nM、5-4: IC50 = 20 nM、5-5: IC50 = 21 nM）、アンタゴ
ニスト活性についてはサブマイクロモル程度の活性であった。一方、メチル基をフェ
ニル基へ変換したところ、CRTH2 結合阻害活性（5-7: IC50 = 7.9 nM）、アンタゴニスト
活性（5-7: IC50 = 42 nM）ともに強い値を示した。また、他の芳香環である、naphthalen-2-yl、
1H-indol-2-yl、 benzofuran-2-yl においても CRTH2 結合阻害活性（5-8: IC50 = 4.0 nM、
5-10: IC50 = 3.5 nM、5-11: IC50 = 3.8 nM）、アンタゴニスト活性（5-8: IC50 = 10 nM、5-10: 
IC50 = 4.2 nM、5-11: IC50 = 7.4 nM）ともに強い活性を示した。しかしながら単環式ヘテ
ロ芳香環である pyridin-2-yl  (5-12)、pyridine-4-yl (5-13)、pyridazine-3-yl (5-14)、
pyrimidin-2-yl (5-15)、および thiazole-4-yl (5-16) においては化合物 5-1 と比較し同程度
の活性を示すにとどまった。 






 続いて化合物 5-7 が CRTH2 結合阻害活性、アンタゴニスト活性ともに強い活性を示
し、周辺誘導体への展開性が大きいことから、化合物 5-7 のさらなる構造活性相関研
究を行うこととした。末端ベンゼン環上へ置換基を導入した化合物群の CRTH2 結合阻








て CRTH2 結合阻害活性は 5 分の 1 に低下し、アンタゴニスト活性は認められなかっ
た。一方、クロロ基をメタ位、パラ位にそれぞれ導入すると、末端ベンゼン環上に置
換基を持たない化合物 5-7に比べて CRTH2 結合阻害活性は 2倍程度向上し（5-18: IC50 
= 3.2 nM、5-19: IC50 = 3.4 nM）、アンタゴニスト活性についても 4倍程度向上した（5-18: 
IC50 = 9.7 nM、5-19: IC50 = 9.1 nM）。また、メタ、パラジクロロ置換体 5-20 は化合物




ジメチルアミノ基へ変換すると、化合物 5-7 と同等の CRTH2 結合阻害活性を示し
（5-21: IC50 = 5.2 nM、5-22: IC50 = 7.3 nM、5-23: IC50 = 4.9 nM、5-24: IC50 = 11 nM、5-26: 
IC50 = 9.9 nM、5-27: IC50 = 6.2 nM）、かつアンタゴニスト活性も維持する傾向が見られ
18 
 
た（5-21: IC50 = 18 nM、5-22: IC50 = 17 nM、5-23: IC50 = 15 nM、5-24: IC50 = 8.7 nM、5-26: 
IC50 = 28 nM、5-27: IC50 = 13 nM）。クロロ基の代わりにシアノ基を導入すると、CRTH2
結合阻害活性は維持されたが、アンタゴニスト活性は大幅に低下した（5-7 vs 5-25）。
さらにより脂溶性の高いフェニル基（5-28）およびフェノキシ基（5-29）を導入する

















第 4 節 イソキノリン誘導体 －アミドリンカー部位誘導体の合成－ 
 
第 1 章の第 3 節で述べたように、末端ベンゼン環上の置換基最適化において、パラ
クロロ置換誘導体、およびメタ、パラジクロロ置換誘導体が強力な CRTH2 結合阻害活




アミドリンカー部位を変換した化合物5-34 – 5-44の合成をScheme 2, 3, 4, 5に示す。 




















すな わち 、共 通中 間体 16 を phenylcarbonochloridate と 反応 させ た後 、
(3,4-dichlorophenyl)methanol と塩基性条件下で求核置換反応させ、最後に加水分解を
行うことで目的カルバメートリンカーを有する化合物 5-35 を得た。また、共通中間
体 16 を塩基性条件下で 3,4-dichlorobenzyl bromide と反応させ、エステル部位を加水分
解することで目的のベンジルアミンリンカーを有する化合物 5-36 を得た。さらに、




化合物 5-38 – 5-41 は t-butyl 4-(cyanomethyl)benzoate (18) を出発原料とし、Scheme 1 







す な わ ち 、 t-butyl 4-(cyanomethyl)benzoate (18) を 塩 基 性 条 件 下 で methyl 
1-chloroisoquinoline-4-carboxylate (6) と反応させ、続いて酸素雰囲気下で酸化的脱シア
ノ化を行い、収率 58%で化合物 19 を得た。化合物 19 を加水分解し、得たカルボン酸
20 を oxalyl chloride と反応させて酸クロリドとした後、trimethylsilyldiazomethane を反
応させ、ジアゾケトン中間体とした。Wolff 転位によりジアゾケトン中間体をカルボン
酸とし、trimethylsilyldiazomethane でメチル化することで 1 炭素増炭したメチルエステ
ル 21 へと変換した。続いて酸性条件下で t-ブチルエステルの除去、塩化オキサリルを
用いた酸クロリドへの変換、酸クロリドと各種対応するアミンの縮合、エステル部位



















化合物 5-42 – 5-43 は 2-(4-methoxyphenyl)acetonitrile (24) を出発原料とし、Scheme 1 




Scheme 1 に示されている経路と同様の手法で合成された中間体 27 を脱メチル化し、
得られたフェノールを各種対応するベンジルブロミド、もしくはアルコール試薬と反




第 5 節 イソキノリン誘導体 －リンカー部位誘導体の構造活性相関－ 
 
第 1 章の第 4 節で合成した化合物群の CRTH2 結合阻害活性および Ca 流入試験によ
るアンタゴニスト活性の結果を Table 3 に示す。 
 




 まず、リンカーアミド部位が窒素原子で結合している化合物群の CRTH2 結合阻害
活性及びアンタゴニスト活性について検討した。リンカーの長さを変換した化合物
5-30 – 5-32 は CRTH2 結合阻害活性（5-30: IC50 = 15 nM、5-31: IC50 = 13 nM、5-32: IC50 
= 4.0 nM）、アンタゴニスト活性（5-30: IC50 = 30 nM、5-31: IC50 = 18 nM、5-32: IC50 = 17 
nM）ともに化合物 5-20 の活性を保持した。 また、ウレアリンカーを導入した化合物
5-33 も化合物 5-20 と比較し、同等の CRTH2 結合阻害活性、アンタゴニスト活性を示
した。一方、化合物 5-20 の N-メチル体である化合物 5-34 の CRTH2 結合阻害活性は、
化合物 5-20 に比べて 15 分の 1 に低下した。この結果から、アミド NH のプロトンド
ナーがファーマコフォアとして CRTH2 に認識されていると考えられる。 
次に、リンカー部位をアミド以外のリンカーへ変換した誘導体についての構造活性
相関を述べる。アミド部位をカルバメートもしくはアミノメチレンに変換した化合物
は化合物 5-20と比較して同等の CRTH2結合阻害活性を示したが（5-35: IC50 = 6.7 nM、
5-36: IC50 = 6.1 nM）、アンタゴニスト活性については化合物 5-35 は維持したものの、
化合物 5-36 については 3-4 倍低下した（5-35: IC50 = 5.2 nM、5-36: IC50 = 43 nM）。ま
た、アミド部位をスルホンアミドに変換した化合物については CRTH2 結合阻害活性
が大幅に低下した（5-20 vs 5-37）。 
さらに、リンカーアミド部位がカルボニル炭素原子で結合している化合物群の
CRTH2 結合阻害活性及びアンタゴニスト活性について述べる。逆アミド誘導体は
CRTH2 結合阻害活性（5-38: IC50 = 8.2 nM、5-39: IC50 = 10 nM、5-40: IC50 = 7.8 nM、5-41: 
IC50 = 3.7 nM）、アンタゴニスト活性（5-38: IC50 = 38 nM、5-39: IC50 = 13 nM、5-40: IC50 
= 12 nM、5-41: IC50 = 18 nM）ともに許容されることが明らかとなった。 
また、アミド部位をオキシメチレンへと変換した化合物は CRTH2 結合阻害活性を
わずかに低下させ（5-42: IC50 = 38 nM）、アンタゴニスト活性を大幅に減弱させた
（5-42: IC50 = 180 nM）。オキシエチレンへ変換した化合物とオキシプロピレンへ変換
した化合物についても CRTH2 結合阻害活性は維持したが（5-43: IC50 = 12 nM、5-44: 
26 
 
IC50 = 11 nM）、アンタゴニスト活性は低下する結果であった（5-43: IC50 = 130 nM、5-44: 





















第 6 節 イソキノリン誘導体 －カルボン酸部位誘導体の合成－ 
 
第 1 章の第 3 節、および第 5 節で述べたように、末端ベンゼン環上の置換基および
アミドリンカー部位の最適化を検討してきたが、最後に酢酸部位の CRTH2 結合阻害活
性および Ca 流入試験によるアンタゴニスト活性に与える影響について検討した。 
化合物 5-40 の酢酸部位を変換した化合物 5-45、5-46 の合成を Scheme 5 および





  Scheme 4 で合成した共通中間体 21 を水素化ナトリウムとヨードメタンと反応さ
せてジメチル化し、酸性条件下で t-ブチルエステルを脱保護した後、











すなわち、化合物 33 を塩基性条件下で 4-(cyanomethyl)benzoate と付加－脱離を経て
連結させ、続いて酸化的脱シアノ化を行い化合物 34 を得た。化合物 34 と
bis(pinacolato)diboron をカップリングした後、オキソンで酸化することで化合物 36 と
した。さらに化合物 36 から目的の化合物 5-46 は以下の 4 工程で合成した。すなわち、
29 
 
(1)水酸基の t-butyl 2-bromoacetate によるアルキル化、(2)メチルエステル部位の加水分


























第 7 節 イソキノリン誘導体 －カルボン酸部位誘導体の構造活性相関－ 
 
第 1 章の第 6 節で合成した化合物群の CRTH2 結合阻害活性および Ca 流入試験によ
るアンタゴニスト活性の結果を Table 4 に示す。 
 
Table 4.  In vitro data of isoquinoline derivatives with R2 substitution modifications 
 
 
 カルボニル α位をジメチル化した化合物 5-45 は、化合物 5-40 に比べて CRTH2 結合
阻害活性を 25 分の 1 に低下させ、アンタゴニスト活性を大幅に減弱させた。また、
カルボキシメチル部位に酸素原子を挿入した化合物 5-46 も CRTH2 結合阻害活性を 3





第 8 節 第 1 章まとめ 
 
 既報の CRTH2 拮抗物質の構造情報から抽出したファーマコフォアを基にドラッグ
デザインを行い、新規イソキノリン骨格を有するリード化合物 5-1 を創出した。CRTH2
結合阻害活性およびアンタゴニスト活性の向上を目的とした構造最適化により、




Figure 11. イソキノリン誘導体の構造活性相関まとめ 
 
 






第 2 章 メチレンリンカーを有するイソキノリン誘導体の創出 
 






として化合物 5-20 を見出した。しかし、化合物 5-20 は DMSO 溶液中で分解すること
が判明した。分解物を含む DMSO 溶液の質量分析測定の結果から、脱炭酸を起こし化







Figure 13. Plausible mechanism of decarboxylation 
 
Figure 14. Modification of linker 
33 
 
第 2 節 メチレンリンカーを有する化合物の DMSO 溶液安定性と CRTH2 親和性 
 






Scheme 1 で合成した中間体 16 を sodium borohydride でアルコール 42 に還元した後、
TFA とトリエチルシランを作用させてアルコール 42 を還元することで、化合物 43 を
得た。Pyridine 溶媒中で 3,4-dichlorobenzoyl chloride と縮合させ、目的のメチレンリン








化合物 41 の CRTH2 結合阻害活性および Ca 流入試験によるアンタゴニスト活性を
測定したところ、幸運なことに、化合物 5-20 と同等の CRTH2 結合阻害活性、及びア
ンタゴニスト活性を示した。 
 
Table 5.  In vitro data of isoquinoline derivatives with linker modifications 
 
 
また、化合物 41 は期待通り DMSO 溶液中で安定であった（rt, 24h）。この結果から
メチレンリンカーを有するイソキノリン化合物の構造最適化を行うことで、DMSO 溶










第 3 節 化合物 41 のアラート構造回避 
 
 メチレンリンカーを有するイソキノリン誘導体 41 は、DMSO 溶液中で安定であり、


























カーを還元してメチレンリンカー部位を構築する経路と（Figure 16 経路 A）、methyl 
1-chloroisoquinoline-4-carboxylate (6) に対し直接メチレンリンカー部位の構築を行った
後、カルボン酸部位の増炭反応、アミド化を行う経路である（Figure 16 経路 B）。 
 
Figure 16. イソキノリン誘導体の合成計画 
 
Scheme 8 で示した様に、カルボニルリンカーのメチレンリンカーへの還元は 2 工程
で 35%と低収率であり、工程数も多くなることから、直接メチレンリンカーを構築す
る経路 B の方が効率的である。以上の合成戦略を基に Scheme 9 に示すルートを立案し
た。Methyl 1-chloroisoquinoline-4-carboxylate (6) へのイリド試薬によるアルキル化反応
を鍵工程として、メチレンリンカー部位の構築をするルートである。この鍵工程は












 化合物 45-1 – 45-18 は、出発原料 50 から 9 工程にて合成した。すなわち、t-butyl 
4-(bromomethyl)benzoate (50) を tri-n-butylphosphine に作用させイリド 51 とした後、
NaHMDS 存在下で methyl 1-chloroisoquinoline-4-carboxylate (6) と反応させ、化合物 52
を収率 58%で得た。化合物 52 を加水分解して得たカルボン酸 53 を oxalyl chloride と
反応させて酸クロリドとし、trimethylsilyldiazomethane を反応させることでジアゾケ
トン中間体とした。Wolff 転位によりジアゾケトン中間体をカルボン酸とし、
trimethylsilyldiazomethane でメチル化して、1 炭素増炭したメチルエステル 54 へと変
換した。TFA を用いて脱 Boc 保護を行った後、各種対応する酸クロリドと反応させア
シル化を行い、化合物 56-9、56-12、および 56-16 を得た。また、化合物 56-1 – 56-8、
56-10、56-11、56-13 – 56-15、56-17、および 56-18 についてはカルボン酸の状態で、
WSC·HCl と HOBT·H2O を用いて各種対応するアミンと縮合させて合成した。化合物
56-1 – 56-18 を塩基性条件下で加水分解し、目的のメチレンリンカーを有するイソキ















第 5 節 メチレンリンカーを有するイソキノリン誘導体  
－アミド末端誘導体の構造活性相関－ 
 
第 2章の第 3節で合成した化合物群の CRTH2結合阻害活性および Ca流入試験によ
るアンタゴニスト活性の結果を Table 6 および Table 7 に示す。 
 
Table 6.  In vitro data of isoquinoline derivatives with R2 substitution modifications 
 
 







化合物 45-1 に比べて CRTH2 結合阻害活性（45-2: IC50 = 16 nM、45-3: IC50 = 4.6 nM）お




物 45-3 においては CRTH2 結合阻害活性とアンタゴニスト活性の乖離が大きい結果と
なった。一方、メチル基を 2-(tetrahydro-2H-pyran-4-yl)ethyl 基へ変換すると CRTH2 結










CRTH2 結合阻害活性および Ca 流入試験によるアンタゴニスト活性を Table 7 に示す。 
 





合物 45-3に比べてCRTH2結合阻害活性はわずかではあるが向上し（45-7: IC50 = 2.4 nM, 
45-8: IC50 = 3.8 nM, 45-9: IC50 = 2.1 nM）、アンタゴニスト活性については 3-10 倍程度向
上した（45-7: IC50 = 28 nM, 45-8: IC50 = 21 nM, 45-9: IC50 = 12 nM）。そこで、パラ置換基
の効果について精査した。クロロ基をメチル基、ジメチルアミノ基、メトキシ基、ヒ
ドロキシ基へ変換すると、CRTH2 結合阻害活性についてはほぼ同等の値を示すが
（45-10: IC50 = 4.8 nM, 45-11: IC50 = 10 nM, 45-12: IC50 = 19 nM, 45-13: IC50 = 9.0 nM）、ア
ンタゴニスト活性については化合物 45-5 に比べて低下する結果であった（45-10: IC50 = 
17 nM, 45-11: IC50 = 210 nM, 45-12: IC50 = 52 nM, 45-13: IC50 = 510 nM）。一方、クロロ基
の代わりに methylsulfonyl 基や carboxylic acid 基を導入すると、CRTH2 結合阻害活性
およびアンタゴニスト活性は大幅に低下した。さらにアミド部位と末端 4-クロロベン
ゼン部位の間の長さについて検討した。エチレンリンカーをメチレン、プロピレン、















第 6 節 イソキノリン誘導体 45-9 －カルボン酸部位誘導体の合成－ 
 
第 2 章の第 4 節で述べたように、末端ベンゼン環上の置換基およびリンカー部位の
最適化を検討してきたが、最後に酢酸部位の CRTH2 結合阻害活性および Ca 流入試験
によるアンタゴニスト活性に与える影響について検討した。 
化合物 45-9 の酢酸部位を変換した化合物 45-19 － 45-22 の合成を Scheme 10、





  化合物 45-9 をカルボニルジイミダゾールで活性化後、アンモニア水で処理して、
収率 96%で目的のカルボン酸部位をアミドへと変換した化合物 45-19を得た。続いて、









  Scheme 9で合成した共通中間体 54に t-BuOKと iodomethaneを作用させることで、
カルボニル位をモノメチル化した化合物 dl-58 を収率 61%で得た。TFA を用いて t-
ブチルエステルをカルボン酸に変換した後、2-(4-chlorophenyl)ethanemine と WSC·HCl











化合物 45-22 は、共通中間体 53 から 7 工程にて合成した。すなわち、化合物 53 を
ボラン·THF 錯体にて還元してアルコール体 61 とし、続く Dess-Martin 酸化によりア
ルデヒド体 62 を得た。さらに Horner-Wadsworth-Emmons 反応によるオレフィン化の




と WSC·HCl と HOBT·H2O を用いて縮合させ化合物 66 を得た。最終工程において、


























第 7 節 イソキノリン誘導体 45-9 －カルボン酸部位誘導体の構造活性相関－ 
 
第 2 章の第 4 節で合成した化合物群の CRTH2 結合阻害活性および Ca 流入試験によ
るアンタゴニスト活性の結果を Table 8 に示す。 
 
Table 8.  In vitro data of isoquinoline derivatives with R
3
 substitution modifications 
 
 
  カルボン酸等価体といわれる、アミド、もしくはテトラゾールへの変換は CRTH2
結合阻害活性（45-19: IC50 = > 1000 nM、45-20: IC50 = 590 nM）およびアンタゴニスト
活性（45-19: IC50 = > 1000 nM、45-20: IC50 = > 1000 nM）を大幅に減弱させる結果とな
った。また、カルボニル位をモノメチル化した化合物 dl-45-21 は、化合物 45-9 に比
べて CRTH2 結合阻害活性を 15 倍以上低下させ（dl-45-21: IC50 = 34 nM）、アンタゴニ
スト活性も大幅に減弱させた（dl-45-21: IC50 = 790 nM）。また、カルボキシメチル部
47 
 
位をカルボキシエチルへと変換したところ CRTH2 結合阻害活性は 10 倍以上低下し
（45-22: IC50 = 28 nM）、アンタゴニスト活性も 4 倍以上低下する結果となった（45-22: 

























第 8 節 化合物 45-9 のアンタゴニスト作用および受容体選択性 
 
第 2章で合成したイソキノリン誘導体の中で、強力なCRTH2結合阻害活性（IC50 = 2.1 
nM）を有する化合物 45-9 について、アンタゴニスト作用の確認を行った。Ca 流入試
験の IC50は、第 2章第 3節で述べたように 12 nMであり、Th2細胞遊走試験では 23 nM、
46)
 IL-13 産生試験では 30 nM と、49) 2-3 分の 1 以下に低下したものの、アンタゴニスト
作用が確認された。 
 
Table 9. Functional antagonism of compound 45-9 in cell-based assays 
 
 
また、化合物 45-9 について、プロスタノイド受容体（DP1, TP, EP1, FP, IP）および
ロイコトリエン受容体（BLT1, cysLT1, cysLT2）に対する特異性評価を実施した。 
 









第 9 節 第 2 章まとめ 
 


















第 3 章 化合物 5-20 および 45-9（TASP0412098）の薬物動態学及び薬理学的特性 
 
第 1 節 化合物 5-20 および 45-9（TASP0412098）のマウス血漿中濃度推移（経口） 
 




化合物 5-20 と化合物 45-9 は共にイソキノリン骨格を有するものの、化合物 45-9 は
より疎水性の高い化合物であると考えられ、その物理化学的特性は化合物 5-20 とは
異なることが期待された。その予測どおり、マウスの血漿中濃度推移において、化合
物 45-9 は化合物 5-20 より長い半減期を有し（5-20 (25 mg/kg); T1/2 = 1.7 h, 45-9 (10 
mg/kg); T1/2 = 2.0 h）、血中への暴露量（5-20 (25 mg/kg); AUC = 510 ng·h/mL, 45-9 (10 
























化合物 45-9（TASP0412098）を経口投与した結果、最高血中濃度：Cmax = 540 nM、最
高血中濃度到達時間：Tmax = 0.75 h、半減期：T1/2 = 6.5 h、血中濃度 - 時間曲線下面




Figure 19. Pharmacokinetic parameters of TASP0412098 (45-9) 








第 3 節 化合物 45-9（TASP0412098）のモルモット喘息モデルの検討 
 
第 3 章第 2 節で述べたように、化合物 45-9（TASP0412098）はモルモット経口投与
において血中への暴露が確認出来たため、卵白アルブミン（OVA）を抗原としたモル
モット喘息モデルでの薬理作用を検討した。50) まず、OVA を 8 日間（1 日 10 分）連
続的に吸入させた。その 1 および 2 週間後に pyrilamine を 10 mg/kg 腹腔内投与した後
にOVAを吸入させ、最終抗原吸入 1分後の気道抵抗値（specific airway resistance, sRaw）
の増加率（%）を即時型喘息反応（immediate asthmatic response, IAR）、および 4-7 時間
後の sRaw の増加率（%）の area under the curve (AUC) を遅発型喘息反応（late asthmatic 




Figure 20. Effect of 45-9 on antigen-induced immediate (A) and late (B) asthma response in 
guinea-pigs. 





誘発即時型喘息反応および遅発型喘息反応の結果を Figure 20 に示した。最終抗原吸




20 A）、遅発型喘息反応に対して用量依存的な抑制作用を示した（Figure 20 B）。化合
物 45-9（TASP0412098）は強力な CRTH2 結合阻害活性（IC50 = 2.1 nM）およびアン
タゴニスト活性（IC50 = 12 nM）を有しているが、遅発型喘息反応の 30 mg/kg では有
意差が付かず、100 mg/kg において薬効を示す結果となった。これは化合物 45-9
（TASP0412098）の高い血漿タンパク結合率によるものと考察できる（ヒトタンパク
結合率 = > 99.4%）。有意差を示さない 30 mg/kg 時の Cmax は 540 nM であり、仮に 1%の
化合物がフリー体で存在していたとしても 5 nM となる。化合物 45-9（TASP0412098）
のアンタゴニスト活性値が 12 nM であることから、残念ながら有意差が付かなかったと
推察される。100 mg/kg 時の血中濃度推移は測定していないが、飽和することなく線形的






Figure 21. Effect of 45-9 on antigen-induced increase in eosinophil counts in the BALF of 
guinea-pig 
Values represent means ±S.E.M. (n=17-20). 
Dex, Dexamethasone 
 
また、最終抗原吸入 24 時間後の BALF 中の浸潤細胞数については、化合物 45-9
（TASP0412098）はマクロファージおよびリンパ球数の増減には影響を与えなかった
が、好酸球数の増加を有意に抑制した（Figure 21）。 












第 1 章においては、既報の CRTH2 拮抗物質群の構造情報を三次元的に重ね合わせ、
ファーマコフォアを抽出し、新規骨格を有する化合物のデザイン・合成を行った。そ
の結果、CRTH2 結合阻害活性（IC50 = 330 nM）を有する新規イソキノリン誘導体 5-1
を見出した。まず、ファーマコフォアとして広い脂溶性ポケットであり、多様な構造
が許容されると推測される、化合物 5-1 のアミド末端部位（B 部位）の最適化検討を
実施し、より強力な結合阻害作用を有する化合物を探索することとした。構造最適化
研究の結果、強力な結合阻害活性及びアンタゴニスト活性を示すイソキノリン誘導体






















合成した化合物 41 について、まず、CRTH2 結合阻害活性およびアンタゴニスト活性






TP, EP1, FP, IP）およびロイコトリエン受容体（BLT1, cysLT1, cysLT2）に対する阻害活




は化合物 5-20 より長い半減期を有し（5-20 (25 mg/kg); T1/2 = 1.7 h, TASP0412098 (10 
58 
 
mg/kg); T1/2 = 2.0 h）、血中への暴露量（5-20 (25 mg/kg); AUC = 510 ng·h/mL, 
TASP0412098 (10 mg/kg); AUC = 1400 ng·h/mL）がより大きいことが認められた。さら
にモルモット喘息モデルに対する薬理作用の検討を行うため、モルモットを用いて化
合物 45-9（TASP0412098）の血漿中濃度（経口）を測定した。化合物 45-9（TASP0412098）




は遅発型喘息反応（late asthmatic response, LAR）に対して用量依存的な抑制作用を示
し、好酸球数の増加を用量依存的に抑制することが確認された。このことから、化合
物 45-9（TASP0412098）は OVA を抗原としたモルモット喘息モデルに対する有効性が
確認され，喘息治療薬としての可能性が示唆された。 
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All starting materials and reagents were commercial products that were used without further 
purification. The reaction progresses were usually monitored by TLC using Merck silica gel 60 F254 
plates or Fuji Silysia chromatorex NH plates. Column chromatography was performed using silica 
gel Wako Pure Chemical C-200 and NH-silica gel Fuji Silysia chromatorex DM1020. Melting 
points were determined on a Mettler FP-61 or a Yanaco MP-500D melting point apparatus and 
were uncorrected. 
1
H NMR spectra were recorded on a Varian Gemini-600 instrument. Chemical 
shifts were reported in parts per million as  units relative to tetramethylsilane as an internal 
reference. Multiplicity was defined as s (singlet), d (doublet), t (triplet), q (quartet), dd (double 
doublet), m (multiplet), or br s (broad singlet). Mass spectra (MS) were recorded on a Shimadzu 
LCMS-2010EV mass spectrometer with electrospray ionization (ESI)/atmospheric pressure 
chemical ionization (APCI) dual source. Elemental analyses were performed on a Yanaco MT-6 
elemental analyzer, and the results were within ±0.4% of the calculated values. 
 
4-tert-Butoxycarbonylaminophenylacetonitrile (12) 
To a solution of 4-aminophenylacetonitrile (1.41 g, 10.7 mmol) in EtOH (5 ml) was added Boc2O 
(3.10 g, 14.2 mmol), and the mixture was stirred at room temperature for 2 h. The resulting 
precipitate was collected by filtration, and dried to yield 12 (984 mg, 4.24 mmol, 40%) as a 
colorless powder: 
1
H NMR (600 MHz, CDCl3):  1.52 (s, 9 H), 3.69 (s, 2 H), 6.49 (br s, 1 H), 7.22 





Methyl 1-{4-(tert-butoxycarbonylamino)phenylcarbonyl}isoquinolin-4-ylcarboxylate (13) 
A 1.0 M of NaHMDS in THF (2.60 ml, 2.60 mmol) was added to a solution of 12 (286 mg, 1.23 
mmol) in THF (2 ml) at 0 °C, and the mixture was stirred for 30 min. To the mixture was added a 
solution of methyl 1-chlorosioquinoline-4-carboxylate (6) (300 mg, 1.35 mmol: available from Key 
Organics Ltd.) in THF (3 ml) and the mixture was stirred at room temperature for 2.5 h. Then, the 
reaction mixture was further stirred for 17 h under oxygen gas. The reaction was quenched by 
adding a saturated ammonium chloride solution, and the mixture was extracted with EtOAc. The 
organic layer was washed with brine, dried over MgSO4, and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (NH) eluting with 10-30% 
EtOAc/hexane to give 13 (289 mg, 58%) as a yellow amorphous: 
1
H NMR (600 MHz, CDCl3):  
1.53 (s, 9 H), 4.07 (s, 3 H), 6.72 (br s, 1 H), 7.43 - 7.49 (m, 2 H), 7.62 - 7.66 (m, 1 H), 7.83 - 7.89 





1-{4-(tert-Butoxycarbonylamino)phenylcarbonyl}isoquinolin-4-ylcarboxylic acid (14) 
To a solution of 13 (1.33 g, 3.28 mmol) in MeOH (30 ml) was added 1 N NaOH (30 ml), and the 
mixture was stirred at room temperature for 15 h, and then at 35 °C for 3 h. The mixture was 
acidified with AcOH, and H2O was added to the mixture. The resultant precipitate was collected by 
filtration, rinsed with H2O, and dried to give 14 (1.08 g, 84%) as an orange powder: 
1
H NMR (600 
MHz, CDCl3):  1.53 (s, 9 H), 6.90 (br s, 1 H), 7.45 - 7.50 (m, 2 H), 7.65 - 7.69 (m, 1 H), 7.86 - 





2-[1-[4-[(2-Methylpropan-2-yl)oxycarbonylamino]benzoyl]isoquinolin-4-yl]acetic acid (15) 
To a suspension of 14 (1.08 g, 2.75 mmol) in CHCl3 (20 ml) was added oxalyl chloride (0.709 ml, 
62 
 
8.26 mmol) at 0 °C, and the mixture was stirred at room temperature for 3.5 h. After evaporation of 
the volatile in the reaction mixture, the residue was dissolved in a mixture of THF (10 ml) and 
CH3CN (10 ml). To this mixture was added a 2.0 M of TMSCHN2 in CH2Cl2 (2.75 ml, 5.50 mmol) 
at 0 °C, and the resulting mixture was stirred for 2 h. Then the reaction mixture was concentrated 
under reduced pressure. To a solution of the residue in a mixture of 1,4-dioxane (10 ml) and H2O 
(10 ml) was added silver acetate (138 mg, 0.825 mmol), and the mixture was stirred at 60 °C for 30 
min. After cooling, the mixture was extracted with EtOAc, and the organic layer was washed with 
brine, dried over MgSO4 and concentrated under reduced pressure. The resulting residue was 
dissolved in MeOH (20 ml), and a 2.0 M of TMSCHN2 in CH2Cl2 (4.54 ml, 9.08 mmol) was added 
to this mixture. After being stirred for 30 min, the reaction was quenched by adding a few drops of 
AcOH. The mixture was diluted with EtOAc and the organic layer was washed with brine, dried 
over MgSO4 and concentrated under reduced pressure. The residue was purified by silica gel 
column chromatography (60N) eluting with 10-35% EtOAc/hexane to give 15 (578 mg, 50% from 
14) as a yellowish powder: 
1
H NMR (600 MHz, CDCl3):  1.51 (s, 9 H), 3.72 (s, 3 H), 4.10 (s, 2 H), 
6.72 (br. s., 1 H), 7.42 - 7.47 (m, 2 H), 7.58 - 7.63 (m, 1 H), 7.75 -7.81 (m, 1 H), 7.88 - 7.93 (m, 2 





Methyl 1-[(4-(aminophenyl)carbonyl]isoquinolin-4-ylacetate (16) 
To a solution of 15 (100 mg, 0.238 mmol) in CHCl3 (1 ml) was added TFA (1 ml) at 0 °C, and the 
mixture was stirred at room temperature for 1.5 h. The reaction mixture was basified with a 
saturated sodium bicarbonate solution and extracted with CHCl3. The organic layer was dried over 
MgSO4 and concentrated under reduced pressure to give 16 (91 mg, 100%) as a yellow oil. This 
compound was used for the next reaction without further purification: 
1
H NMR (600 MHz, CDCl3): 
 3.73 (s, 3 H), 4.09 (s, 2 H), 6.62 - 6.66 (m, 2 H), 7.58 - 7.62 (m, 1 H), 7.75 - 7.82 (m, 3 H), 8.01 - 
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To a solution of 16 (500 mg, 1.56 mmol) in pyridine (8 ml) was added 3,4-dichlorobenzoyl 
chloride (490 mg, 2.34 mmol) at 0 °C, and the mixture was stirred at room temperature for 13.5 h. 
The reaction was quenched by adding H2O, and the mixture was extracted with EtOAc. The 
organic layer was washed with diluted hydrochloric acid and brine, dried over MgSO4 and 
concentrated under reduced pressure. The resulting residue was purified by silica gel column 
chromatography (60N) eluting with 20-50% EtOAc/hexane to give 17-20 (685 mg, 89%) as a pale 
yellow powder: 
1
H NMR (600 MHz, CDCl3):  3.74 (s, 3 H), 4.12 (s, 2 H), 7.55 - 7.83 (m, 7 H), 
7.97 - 8.08 (m, 4 H), 8.21 - 8.24 (m, 1 H), 8.52 (s, 1 H); MS (ESI/APCI Dual) m/z 493 (M+H)+. 
 
2-[1-[4-[(3,4-Dichlorobenzoyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-20) 
To a solution of 17-20 (650 mg, 1.32 mmol) in a mixture of THF (10 ml) and MeOH (10 ml) was 
added 1 N NaOH (10 ml), and the mixture was stirred for 30 min at room temperature. The mixture 
was acidified with diluted hydrochloric acid and extracted with CHCl3. The organic layer was dried 
over MgSO4 and concentrated under reduced pressure to give 5-20 (489 mg, 77%) as a colorless 
powder: mp 124.5-126.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.17 (s, 2 H), 7.70 - 7.74 (m, 1 H), 
7.83 - 7.93 (m, 4 H), 7.94 - 7.99 (m, 3 H), 8.02 - 8.06 (m, 1 H), 8.13 - 8.16 (m, 1H), 8.24 - 8.26 (m, 
1 H), 8.54 (s, 1 H), 10.78 (br s, 1 H); IR (KBr) cm
-1
 3273, 3067, 1714, 1660, 1592; MS (ESI/APCI 
Dual) m/z 479 (M+H)+. 
 
2-[1-(4-Acetamidobenzoyl)isoquinolin-4-yl]acetic acid (5-1) 
Pale yellow powder; mp 141.0-143.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.09 (s, 3 H), 4.16 (s, 
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2 H), 7.67 - 8.15 (m, 8 H), 8.52 (s, 1 H), 10.37 (s, 1 H), 12.73 (br s, 1 H); 
13
C NMR (126 MHz, 
DMSO-d6): 24.2, 35.5, 118.2 (2C), 124.1, 125.1, 126.0, 127.3, 128.2, 130.6, 131.0, 131.7 (2 C), 
135.3, 142.2, 144.5, 156.1, 169.1, 172.1, 193.0; IR (KBr) cm
-1
 3536, 1718, 1658, 1593; MS 
(ESI/APCI Dual) m/z 349 (M+H)
+
; Anal. Calcd for C20H16N2O4 ·2H2O: C, 62.49; H, 5.24; N, 7.29. 
Found: C, 62.55; H, 5.06; N, 7.28. 
 
2-[1-[4-(Cyclopropanecarbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-2) 
Pale yellow powder; mp 200.0-202.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  0.79 - 0.87 (m, 4 H), 
1.80 - 1.87 (m, 1 H), 4.15 (s, 2 H), 7.67 - 8.16 (m, 8 H), 8.51 (s, 1 H), 10.65  (s, 1 H), 12.70 (br s, 
1 H); 
13
C NMR (126 MHz, DMSO-d6):7.8, 14.7 (2 C), 35.5, 118.2 (2 C), 124.1, 125.0, 125.9, 
127.3, 128.1, 130.5, 131.0, 131.7 (2 C), 135.3, 142.2, 144.5, 156.1, 172.1, 172.4, 193.0; IR (KBr) 
cm
-1
 3321, 3008, 1726, 1714, 1691; MS (ESI/APCI Dual) m/z 375 (M+H)
+
; Anal. Calcd for 
C22H18N2O4·0.5H2O: C, 68.92; H, 4.99; N, 7.31. Found: C, 69.00; H, 4.96; N, 7.33. 
 
 [1-({4-[(Cyclohexylcarbonyl)amino]phenyl}carbonyl)isoquinolin-4-yl]acetic acid (5-3) 
Colorless powder; mp 190.5-191.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  1.14 - 1.84 (m, 10 H), 
2.34 - 2.40 (m, 1 H), 4.16 (s, 2 H), 7.67 - 8.15 (m, 8 H), 8.52 (s, 1 H), 10.24 (br s, 1 H), 12.67 (br s, 
1 H); 
13
C NMR (126 MHz, DMSO-d6):25.2 (2 C), 25.3, 29.0 (2 C), 35.5, 44.9, 118.3 (2 C), 124.1, 
125.0, 125.9, 127.3, 128.2, 130.4, 131.0, 131.6 (2 C), 135.3, 142.2, 144.8, 156.2, 172.1, 175.0, 
193.0; IR (KBr) cm
-1
 3086, 2942, 1732, 1663, 1592; MS (ESI/APCI Dual) m/z 417 (M+H)
+
; Anal. 
Calcd for C25H24N2O4·0.1H2O: C, 71.79; H, 5.83; N, 6.70. Found: C, 71.61; H, 5.94; N, 6.50. 
 
2-[1-[4-[(2-Cyclohexylacetyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-4) 
Pale yellow powder; mp 123.0-125.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  0.80 - 1.33 (m, 5 H), 
1.55 - 1.83 (m, 6 H), 2.24 (d, J = 7.3 Hz, 2 H), 4.16 (s, 2 H), 7.65 - 8.16 (m, 8 H), 8.52 (s, 1 H), 
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10.29 (s, 1 H), 12.73 (br s, 1 H);
 13
C NMR (126 MHz, DMSO-d6):25.6 (2 C), 25.8, 32.5 (2 C), 
34.7, 35.5, 44.4, 118.3 (2 C), 124.1, 125.1, 125.9, 127.3, 128.2, 130.5, 131.0, 131.7 (2 C), 135.3, 
142.2, 144.5, 156.2, 171.3, 172.1, 193.0; IR (KBr) cm
-1
 3325, 2924, 1707, 1668, 1590; MS 
(ESI/APCI Dual) m/z 431 (M+H)
+
; Anal. Calcd for C26H26N2O4 ·0.2H2O: C, 71.94; H, 6.13; N, 
6.45. Found: C, 71.88; H, 6.29; N, 6.27.  
 
2-[1-[4-[[2-(1-Adamantyl)acetyl]amino]benzoyl]isoquinolin-4-yl]acetic acid (5-5) 
Colorless powder; mp173.0-173.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  1.56 - 1.69 (m, 12 H), 
1.90 - 1.96 (m, 3 H), 2.11 (s, 2 H), 4.16 (s, 2 H), 7.67 - 8.15 (m, 8 H), 8.52 (s, 1 H), 10.19 (br s, 1 
H), 12.67 (br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6):28.0 (3 C), 32.8, 35.5, 36.4 (3 C), 42.0 (3 
C), 50.8, 118.3 (2 C), 124.1, 125.0, 125.9, 127.3, 128.2, 130.5, 131.0, 131.6 (2 C), 135.2, 142.2, 
144.4, 156.2, 170.0, 172.1, 193.0; IR (KBr) cm
-1
 3326, 2903, 1701, 1664, 1593; MS (ESI/APCI 
Dual) m/z 483 (M+H)
+
; Anal. Calcd for C30H30N2O4 ·0.6H2O: C, 73.03; H, 6.37; N, 5.68. Found: C, 
72.99; H, 6.25; N, 5.61.  
 
2-[1-[4-(Oxane-4-carbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-6) 
Colorless powder; mp 157.0-159.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  1.61 - 1.75 (m, 4 H), 
2.60 - 2.67 (m, 1 H), 3.32 - 3.37 (m, 2 H), 3.88 - 3.94 (m, 2 H), 4.16 (s, 2 H), 7.67 - 8.16 (m, 8 H), 
8.52 (s, 1 H), 10.33 (s, 1 H), 12.69 (br s, 1 H) 
13
C NMR (126 MHz, DMSO-d6):28.7 (2 C), 35.6, 
41.8,  (2 C),  (2 C), , , , , , , ,  (2 C), 135.3, 




; Anal. Calcd for 
C24H22N2O5 ·0.5H2O: C, 67.44; H, 5.42; N, 6.55. Found: C, 67.23; H, 5.44; N, 6.32. 

2-[1-(4-Benzamidobenzoyl)isoquinolin-4-yl]acetic acid (5-7) 
Colorless powder; mp 195.0-197.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.18 (s, 2 H), 7.52 - 8.16 
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(m, 13 H), 8.54 (s, 1 H), 10.65 (s, 1 H), 12.72 (br s, 1 H);
 13
C NMR (126 MHz, DMSO-d6):35.5, 
119.5 (2 C), 124.2, 125.1, 125.9, 127.4, 127.9 (2 C), 128.2, 128.5 (2 C), 131.1, 131.1, 131.5 (2 C), 
132.0, 134.4, 135.3, 142.2, 144.5, 156.1, 166.1, 172.1, 193.1; IR (KBr) cm
-1
 3281, 1698, 1655, 
1601; MS (ESI/APCI Dual) m/z 411 (M+H)
+
; Anal. Calcd for C25H18N2O4 ·0.2H2O: C, 72.52; H, 
4.48; N, 6.77. Found: C, 72.46; H, 4.46; N, 6.73. 
 
2-[1-[4-(Naphthalene-2-carbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-8) 
Colorless powder; mp179.0-181.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.19 (s, 2 H), 7.61 - 8.17 
(m, 14 H), 8.55 (s, 1 H), 8.63 (s, 1 H), 10.84 (s, 1 H), 12.72 (br s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6):35.5, 119.5 (2 C), 124.1, 124.4, 125.1, 126.0, 127.0, 127.4, 127.7, 128.1, 128.1, 
128.2, 128.4, 129.0, 131.1, 131.1, 131.5 (2 C), 131.7, 132.0, 134.4, 135.3, 142.2, 144.5, 156.1, 
166.1, 172.1, 193.1; IR (KBr) cm
-1
 3390, 3057, 1722, 1691, 1656; MS (ESI/APCI Dual) m/z 461 
(M+H)
+
; Anal.Calcd for C29H20N2O4 ·1.5H2O: C, 71.45; H, 4.76; N, 5.75. Found: C, 71.40; H, 
4.39; N, 5.65. 
 
2-[1-[4-(Naphthalene-1-carbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-9) 
Colorless powder; mp 145.5-147.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.19 (s, 2 H), 7.58 - 8.21 
(m, 15 H), 8.55 (s, 1 H), 11.00 (br s, 1 H), 12.67 (br s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6):35.6, 119.2 (2 C), 124.2, 125.0, 125.0, 125.1, 125.8, 126.0, 126.5, 127.2, 127.4, 
128.2, 128.4, 129.6, 130.5, 131.1, 131.2, 131.6 (2 C), 133.1, 134.1, 135.3, 142.3, 144.5, 156.0, 
167.8, 172.1, 193.2; IR (KBr) cm
-1
 3270, 3050, 1720, 1654, 1588; MS (ESI/APCI Dual) m/z 461 
(M+H)
+
; Anal.Calcd for C29H20N2O4 ·1.0H2O: C, 72.79; H, 4.70; N, 5.80. Found: C, 72.98; H, 





2-[1-[4-(1H-Indole-2-carbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-10) 
Pale yellow powder; mp 257.0-259.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.18 (s, 2 H), 7.05 - 
8.17 (m, 13 H), 8.54 (s, 1 H), 10.60 (s, 1 H), 11.83 (br s, 1 H), 12.73 (br s, 1 H);
 13
C NMR (126 
MHz, DMSO-d6):35.5, 104.8, 109.4, 112.4, 119.3 (2 C), 120.1, 121.9, 124.1, 124.1, 125.1, 126.0, 
126.9, 127.3, 128.2, 130.9 (2 C), 131.1, 131.6, 135.3, 137.1, 142.2, 144.3, 156.1, 160.1, 172.1, 
193.1; IR (KBr) cm
-1
 3367, 3061, 1708, 1678, 1656; MS (ESI/APCI Dual) m/z 450 (M+H)
+
; Anal. 
Calcd for C27H19N3O4 ·0.6H2O: C, 70.46; H, 4.42; N, 9.13. Found: C, 70.27; H, 4.35; N, 8.96. 
 
2-[1-[4-(1-Benzofuran-2-carbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-11) 
Pale yellow powder; mp 184.0-186.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.18 (s, 2 H), 7.36 - 
8.16 (m, 13 H), 8.55 (s, 1 H), 10.91 (s, 1 H), 12.71 (br s, 1 H); 
13
C NMR (126 MHz, 
DMSO-d6):35.6, 111.5, 112.0, 119.7 (2 C), 123.1, 124.0, 124.2, 125.1, 126.0, 127.0, 127.5, 
127.5, 128.3, 131.1, 131.5 (2 C), 131.5, 135.3, 142.3, 143.7, 148.2, 154.6, 155.9, 157.0, 172.1, 
193.1; IR (KBr) cm
-1
 3386, 3062, 1720, 1691, 1658; MS (ESI/APCI Dual) m/z 451 (M+H)
+
; Anal. 
Calcd for C27H18N2O5 ·0.2H2O: C, 71.42; H, 4.08; N, 6.17. Found: C, 71.52; H, 4.34; N, 6.11. 
 
2-[1-[4-(Pyridine-2-carbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-12) 
Colorless powder; mp 186.0-188.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.18 (s, 2 H), 7.68 - 8.21 
(m, 11 H), 8.54 (s, 1 H), 8.75 - 8.78 (m, 1 H), 11.04 (s, 1 H), 12.71 (br s, 1 H); 
13
C NMR (126 MHz, 
DMSO-d6):35.5, 119.7 (2 C), 122.7, 124.1, 125.1, 126.0, 127.3, 127.4, 128.2, 131.1, 131.4, 
131.5 (2 C), 135.3, 138.2, 142.2, 143.6, 148.5, 149.5, 156.0, 163.1, 172.1, 193.1; IR (KBr) cm
-1
 
3307, 3062, 1723, 1656, 1596; MS (ESI/APCI Dual) m/z 412 (M+H)
+
; Anal. Calcd for 





2-[1-[4-(Pyridine-4-carbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-13) 
Colorless powder; mp 200.0-202.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.17 (s, 2 H), 7.69 - 8.16 
(m, 10 H), 8.54 (s, 1 H), 8.79 - 8.82 (m, 2 H), 10.88 (s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 
35.6, 119.7 (2 C), 121.7 (2 C), 124.2, 125.1, 126.0, 127.5, 128.3, 131.1, 131.6 (2 C), 131.6, 135.3, 
141.5, 142.3, 143.8, 150.3 (2 C), 155.9, 164.6, 172.1, 193.2; IR (KBr) cm
-1
 3170, 2993, 1691, 1672, 
1594; MS (ESI/APCI Dual) m/z 412 (M+H)
+
; Anal. Calcd for C24H17N3O4 ·0.1H2O: C, 69.76; H, 
4.20; N, 10.17. Found: C, 69.53; H, 4.23; N, 10.08. 
 
2-[1-[4-(Pyridazine-3-carbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-14) 
Pale yellow powder; mp 190.5-192.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.18 (s, 2 H), 7.70 - 
8.36 (m, 10 H), 8.55 (s, 1 H), 9.48 - 9.51 (m, 1 H), 11.46 (br s, 1 H), 12.67 (br s, 1 H); 
13
C NMR 
(126 MHz, DMSO-d6): 35.5, 120.1 (2 C), 124.2, 125.1, 126.0, 126.3, 127.5, 128.3, 128.7, 131.1, 
131.5 (2 C), 131.7, 135.3, 142.2, 143.4, 153.0, 153.7, 155.9, 162.1, 172.1, 193.2; IR (KBr) cm
-1
 
3343, 3053, 1699, 1668, 1602; MS (ESI/APCI Dual) m/z 413 (M+H)
+
; Anal. Calcd for C23H16N4O4 
·0.2H2O: C, 66.41; H, 3.97; N, 13.47. Found: C, 66.51; H, 4.05; N, 13.15. 
 
2-[1-[4-(Pyrimidine-2-carbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-15) 
Pale yellow powder; mp 187.5-189.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.14 (s, 2 H), 7.66 - 
8.13 (m, 9 H), 8.51 (s, 1 H), 9.01 - 9.05 (m, 2 H), 11.10 (br s, 1 H), 12.64 (br s, 1 H); 
13
C NMR 
(126 MHz, DMSO-d6): 35.6, 119.7 (2 C), 123.5, 124.2, 125.1, 126.0, 127.5, 128.3, 131.1, 131.5 
(2 C), 131.6, 135.3, 142.2, 143.5, 155.9, 157.9, 158.0 (2 C), 161.5, 172.1, 193.2; MS (ESI/APCI 
Dual) m/z 413 (M+H)
+
; Anal. Calcd for C23H16N4O4 ·0.2H2O: C, 66.41; H, 3.97; N, 13.47. Found: 





2-[1-[4-(1,3-Thiazole-4-carbonylamino)benzoyl]isoquinolin-4-yl]acetic acid (5-16) 
Colorless powder; mp 194.5-196.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.17 (s, 2 H), 7.69 - 8.59 
(m, 10 H), 9.28 - 9.30 (m, 1 H), 10.74 (s, 1 H), 12.69 (br s, 1 H); 
13
C NMR (126 MHz, 
DMSO-d6): 35.5, 119.7 (2 C), 124.1, 125.1, 126.0, 126.5, 127.4, 128.2, 131.1, 131.3, 131.4 (2 C), 
135.3, 142.2, 143.8, 150.2, 155.3, 156.0, 159.5, 172.1, 193.1; IR (KBr) cm
-1
 3330, 3086, 1720, 
1646, 1591; MS (ESI/APCI Dual) m/z 418 (M+H)
+
; Anal. Calcd for C22H15N3O4S ·0.2H2O: C, 
62.76; H, 3.69; N, 9.98. Found: C, 62.84; H, 3.68; N, 9.82. 
 
2-[1-[4-[(2-Chlorobenzoyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-17) 
Colorless powder; mp 186.5-188.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.18 (s, 2 H), 7.44 - 8.16 
(m, 12 H), 8.54 (s, 1 H), 10.95 (br s, 1 H), 12.67 (br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 
35.5, 119.0 (2 C), 124.2, 125.1, 126.0, 127.3, 127.4, 128.2, 129.0, 129.7, 129.9, 131.1, 131.4, 131.4, 
131.7 (2 C), 135.3, 136.5, 142.3, 144.0, 156.0, 165.5, 172.1, 193.1; IR (KBr) cm
-1
 3225, 1726, 
1667, 1656; MS (ESI/APCI Dual) m/z 445 (M+H)
+
; Anal. Calcd for C25H17ClN2O4 ·0.2H2O: C, 
66.95; H, 3.98; N, 6.14. Found: C, 67.14; H, 3.98; N, 6.14. 
 
2-[1-[4-[(3-Chlorobenzoyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-18) 
Pale yellow powder; mp 181.0-182.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.18 (s, 2 H), 7.57 - 
8.16 (m, 12 H), 8.54 (s, 1 H), 10.73 (s, 1 H), 12.72 (br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 
35.5, 119.6 (2 C), 124.1, 125.1, 126.0, 126.7, 127.4, 127.6, 128.2, 130.5, 131.1, 131.3, 131.5 (2 C), 
131.8, 133.3, 135.3, 136.4, 142.2, 144.2, 156.0, 164.6, 172.1, 193.1; IR (KBr) cm
-1
 3075, 1712, 
1671, 1588; MS (ESI/APCI Dual) m/z 445 (M+H)
+
; Anal. Calcd for C25H17ClN2O4 ·0.2H2O: C, 





2-[1-[4-[(4-Chlorobenzoyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-19) 
Pale yellow powder; mp 180.0-182.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.17 (s, 2 H), 7.61 - 
8.16 (m, 12 H), 8.54 (s, 1 H), 10.71 (s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 35.5, 119.6 (2 C), 
124.1, 125.1, 126.0, 127.4, 128.2, 128.5 (2 C), 129.8 (2 C), 131.1, 131.2, 131.5 (2 C), 133.1, 135.3, 
136.8, 142.2, 144.3, 156.0, 165.0, 172.1, 193.1; IR (KBr) cm
-1
 3050, 1716, 1687, 1670; MS 
(ESI/APCI Dual) m/z 445 (M+H)
+
; Anal. Calcd for C25H17ClN2O4: C, 67.50; H, 3.85; N, 6.30. 
Found: C, 67.29; H, 4.03; N, 6.17. 
 
2-[1-[4-[(4-Methylbenzoyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-21) 
Colorless powder; mp 186.0-186.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.40 (s, 3 H), 4.18 (s, 2 
H), 7.34 - 7.38 (m, 2 H), 7.70 - 7.74 (m, 1 H), 7.83 - 7.92 (m, 5 H), 7.97 - 8.00 (m, 2 H), 8.02 -8.05 
(m, 1 H), 8.12 - 8.15 (m, 1 H), 8.54 (s, 1 H), 10.56 (br s, 1 H), 12.69 (br s, 1 H); 
13
C NMR (126 
MHz, DMSO-d6): 21.0, 35.5, 119.5 (2 C), 124.1, 125.1, 126.0, 127.3, 127.9 (2 C), 128.2, 129.0 
(2 C), 131.0, 131.1, 131.5 (2 C), 131.5, 135.3, 142.1, 142.2, 144.6, 156.1, 165.8, 172.1, 193.1; IR 
(KBr) cm
-1
 3296, 3050, 1702, 1657, 1590; MS (ESI/APCI Dual) m/z 425 (M+H)
+
; Anal. Calcd for 
C26H20N2O4 ·0.2H2O: C, 72.95; H, 4.80; N, 6.54. Found: C, 72.90; H, 4.79; N, 6.52. 
 
2-[1-[4-[(4-Methoxybenzoyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-22) 
Colorless powder; mp 169.0-172.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  3.85 (s, 3 H), 4.18 (s, 2 
H), 7.05 - 7.11 (m, 2 H), 7.68 - 8.17 (m, 10 H), 8.54 (s, 1 H), 10.49 (s, 1 H), 12.74 (br s, 1 H); 
13
C 
NMR (126 MHz, DMSO-d6): 35.5, 55.5, 113.7 (2 C), 119.4 (2 C), 124.1, 125.1, 126.0, 126.4, 
127.3, 128.2, 129.9 (2 C), 130.8, 131.0, 131.5 (2 C), 135.3, 142.2, 144.7, 156.1, 162.2, 165.4, 172.1, 
193.1; IR (KBr) cm
-1
 3376, 2931, 1699, 1660, 1605; MS (ESI/APCI Dual) m/z 441 (M+H)
+
; Anal. 




2-[1-[4-[[4-(Trifluoromethyl)benzoyl]amino]benzoyl]isoquinolin-4-yl]acetic acid (5-23)  
Colorless powder; mp 147.0-148.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.18 (s, 2 H), 7.70 - 7.74 
(m, 1 H), 7.86 - 8.01 (m, 7 H), 8.02 - 8.06 (m, 1 H), 8.11 - 8.20 (m, 3 H), 8.54 (s, 1 H), 10.86 (br s, 
1 H), 12.70 (br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 35.6, 79.2, 119.7 (2 C), 124.2, 125.1, 
125.4 (2 C), 125.9, 127.5, 128.2, 128.8 (2 C), 131.1, 131.4, 131.5 (2 C), 131.8, 135.3, 138.3, 142.2, 
144.1, 155.9, 165.0, 172.1, 193.1; IR (KBr) cm
-1
 3381, 3017, 1723, 1684, 1657; MS (ESI/APCI 
Dual) m/z 479 (M+H)
+
 ; HRMS m/z Calcd for C26H17F3N2O4 (M+Na)
+
, 501.1033. Found: 
501.1014. 
 
2-[1-[4-[[4-(Trifluoromethoxy)benzoyl]amino]benzoyl]isoquinolin-4-yl]acetic acid (5-24) 
Pale yellow powder; mp 165.0-168.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.17 (s, 2 H), 7.51 - 
8.17 (m, 12 H), 8.54 (s, 1 H), 10.75 (s, 1 H), 12.79 (br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 
35.6, 119.6 (2 C), 120.7 (2 C), 124.2, 125.1, 125.9, 127.4, 128.2, 130.3 (2 C), 131.1, 131.3, 131.5 
(2 C), 133.6, 135.3, 142.2, 144.2, 150.7, 156.0, 159.2, 164.9, 172.1, 193.1; IR (KBr) cm
-1
 3272, 
3064, 1719, 1661, 1593; MS (ESI/APCI Dual) m/z 495 (M+H)
+
; Anal. Calcd for C26H17F3N2O5: C, 
63.16; H, 3.47; N, 5.67. Found: C, 62.90; H, 3.72; N, 5.52. 
 
2-[1-[4-[(4-Cyanobenzoyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-25) 
Colorless powder; mp 192.0-193.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.17 (s, 2 H), 7.70 - 7.74 
(m, 1 H), 7.86 - 7.92 (m, 3 H), 7.96 - 8.00 (m, 2 H), 8.02 - 8.07 (m, 3 H), 8.11 - 8.16 (m, 3H), 8.54 
(s, 1 H), 10.88 (br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 35.8, 114.2, 118.3, 119.7 (2 C), 
124.2, 125.1, 125.9, 126.2, 127.6, 128.2, 128.7 (2 C), 131.0, 131.5 (2 C), 132.5 (2 C), 135.3, 138.4, 
142.2, 144.0, 155.9, 164.7, 172.2, 193.2; IR (KBr) cm
-1
 3352, 3057, 2232, 1741, 1681, 1651; MS 
(ESI/APCI Dual) m/z 436 (M+H)
+
; HRMS m/z Calcd for C26H17N3O4 (M+Na)
+




2-[1-[4-[(4-Nitrobenzoyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-26) 
Colorless powder; mp 193.5-194.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.19 (s, 2 H), 7.70 - 7.74 
(m, 1 H), 7.87 - 7.93 (m, 3 H), 7.96 - 8.01 (m, 2 H), 8.03 - 8.06 (m, 1 H), 8.13 - 8.16 (m, 1H), 8.19 
- 8.23 (m, 2 H), 8.37 - 8.41 (m, 2 H), 8.55 (s, 1 H), 10.96 (br s, 1 H), 12.70 (br s, 1 H); 
13
C NMR 
(126 MHz, DMSO-d6): 35.5, 119.7 (2 C), 123.6 (2 C), 124.2, 125.1, 125.9, 127.4, 128.3, 129.4 (2 
C), 131.1, 131.5, 131.5 (2 C), 135.3, 140.1, 142.2, 143.9, 149.4, 155.9, 164.5, 172.1, 193.1; IR 
(KBr) cm
-1
 3322, 3156, 1738, 1679, 1659; MS (ESI/APCI Dual) m/z 456 (M+H)
+
; Anal. Calcd for 
C25H17N3O6 ·0.3H2O: C, 65.16; H, 3.85; N, 9.12. Found: C, 65.07; H, 3.85; N, 8.93. 
 
2-[1-[4-[[4-(Dimethylamino)benzoyl]amino]benzoyl]isoquinolin-4-yl]acetic acid (5-27) 
Yellowish powder; mp 170.5-172.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  3.00 (s, 6 H), 4.18 (s, 2 
H), 6.75 - 6.79 (m, 2 H), 7.69 - 7.73 (m, 1 H), 7.80 - 7.84 (m, 2 H), 7.87 - 7.92 (m, 3 H), 7.95 -7.99 
(m, 2 H), 8.00 - 8.04 (m, 1 H), 8.12 - 8.15 (m, 1 H), 8.53 (s, 1 H), 10.27 (br s, 1 H), 12.69 (br s, 1 
H); 
13
C NMR (126 MHz, DMSO-d6): 35.5, 39.6 (2 C), 110.7 (2 C), 119.2 (2 C), 120.3, 124.1, 
125.1, 126.0, 127.2, 128.2, 129.5 (2 C), 130.4, 131.0, 131.4 (2 C), 135.3, 142.3, 145.2, 152.7, 156.3, 
165.6, 172.1, 193.1; MS (ESI/APCI Dual) m/z 454 (M+H)
+
; Anal.Calcd for C27H23N3O4 ·0.3H2O: 
C, 70.67; H, 5.18; N, 9.16. Found: C, 70.62; H, 5.10; N, 9.06. 
 
2-[1-[4-[(4-Phenylbenzoyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-28) 
Colorless powder; mp 213.5-215.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.19 (s, 2 H), 7.42 - 7.46 
(m, 1 H), 7.50 - 7.54 (m, 2 H), 7.70 - 7.74 (m, 1 H), 7.75 - 7.79 (m, 2 H), 7.84 - 7.93 (m, 5H), 7.99 
- 8.06 (m, 3 H), 8.07 - 8.11 (m, 2 H), 8.13 - 8.16 (m, 1 H), 8.55 (s, 1 H), 10.70 (br s, 1 H), 12.65 (br 
s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 35.5, 119.5 (2 C), 124.2, 125.1, 126.0, 126.6 (2 C), 
127.0 (2 C), 127.4, 128.2, 128.6 (2 C), 129.1 (2 C), 131.1, 131.5 (2 C), 133.1, 135.3, 139.0, 141.8, 
142.3, 143.5, 144.5, 145.4, 156.1, 165.7, 172.1, 193.1; IR (KBr) cm
-1
 3289, 3033, 1708, 1651, 
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1603; MS (ESI/APCI Dual) m/z 487 (M+H)
+
; Anal.Calcd for C31H22N2O4 ·0.2H2O: C, 75.97; H, 
4.61; N, 5.72. Found: C, 75.89; H, 4.66; N, 5.66. 
 
2-[1-[4-[(4-Phenoxybenzoyl)amino]benzoyl]isoquinolin-4-yl]acetic acid (5-29) 
Colorless powder; mp 159.0-160.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.16 (s, 2 H), 7.09 - 7.14 
(m, 4 H), 7.22 - 7.26 (m, 1 H), 7.44 - 7.49 (m, 2 H), 7.69 - 7.73 (m, 1 H), 7.83 - 7.92 (m, 3H), 7.95 
- 7.99 (m, 2 H), 8.00 - 8.05 (m, 3 H), 8.13 - 8.17 (m, 1 H), 8.53 (s, 1 H), 10.59 (br s, 1 H); 
13
C 
NMR (126 MHz, DMSO-d6): 35.8, 117.4 (2 C), 119.5 (2 C), 119.6 (2 C), 124.2, 124.5, 125.1, 
125.9, 127.6, 128.2, 128.9, 130.2 (2 C), 130.3 (2 C), 131.0, 131.0, 131.5 (2 C), 135.3, 137.8, 142.2, 
144.6, 155.4, 156.0, 160.1, 165.2, 193.1; IR (KBr) cm
-1
 3285, 3062, 1715, 1670, 1651; MS 
(ESI/APCI Dual) m/z 503 (M+H)
+
; HRMS m/z Calcd for C31H22N2O5 (M+Na)
+
, 525.1421. Found: 
525.1386. 
 
2-[1-[4-[[2-(3,4-Dichlorophenyl)acetyl]amino]benzoyl]isoquinolin-4-yl]acetic acid (5-30) 
Colorless powder; mp 194.0-197.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  3.76 (s, 2 H), 4.16 (s, 2 
H), 7.31 - 7.34 (m, 1 H), 7.58 - 7.62 (m, 2 H), 7.68 - 7.72 (m, 1 H), 7.73 - 7.77 (m, 2 H), 7.80 -7.83 
(m, 2 H), 7.87 - 7.91 (m, 1 H), 7.99 - 8.02 (m, 1 H), 8.11 - 8.14 (m, 1 H), 8.52 (s, 1 H), 10.62 (br s, 
1 H), 12.67 (br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 35.7, 41.9, 118.5 (2 C), 124.2, 125.0, 
125.9, 128.2, 128.2, 129.4, 129.9, 130.4, 130.7, 130.9, 131.0, 131.4, 131.7 (2 C), 135.3, 136.5, 
142.2, 144.2, 156.0, 169.1, 172.1, 193.0; IR (KBr) cm
-1
 3274, 3045, 1721, 1665, 1586; MS 
(ESI/APCI Dual) m/z 493 (M+H)
+
; Anal. Calcd for C26H18Cl2N2O4 ·0.4H2O: C, 62.39; H, 3.79; N, 
5.60. Found: C, 62.35; H, 3.80; N, 5.54. 
 
2-[1-[4-[3-(3,4-Dichlorophenyl)propanoylamino]benzoyl]isoquinolin-4-yl]acetic acid (5-31)  
Orange amorphous; 
1
H NMR (600 MHz, DMSO-d6):  2.70 (t, J = 7.6 Hz, 2 H), 2.92 (t, J = 7.6 Hz, 
74 
 
2 H), 4.17 (s, 2 H), 7.24 - 7.27 (m, 1 H), 7.52 - 7.56 (m, 2 H), 7.68 - 7.75 (m, 3 H), 7.78 - 7.82 (m, 
2 H), 7.87 - 7.91 (m, 1 H), 7.99 - 8.02 (m, 1 H), 8.11 - 8.15 (m, 1 H), 8.52 (s, 1 H), 10.36 (br s, 1 H), 
12.68 (br s, 1 H); MS (ESI/APCI Dual) m/z 507 (M+H)
+
; Anal. Calcd for C27H20Cl2N2O4 ·1.4H2O: 




Colorless powder; mp 172.0-174.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.16 (s, 2 H), 6.92 (d, J 
= 15.1 Hz, 1 H), 7.58 - 8.17 (m, 12 H), 8.53 (s, 1 H), 10.68 (s, 1 H); 
13
C NMR (126 MHz, 
DMSO-d6): 35.5, 118.7 (2 C), 124.1, 124.1, 125.1, 125.9, 127.4, 127.5, 128.2, 129.8, 131.0, 
131.1, 131.2, 131.2, 131.8 (2 C), 132.2, 135.3, 135.5, 138.5, 142.2, 144.2, 156.0, 163.6, 172.1, 
193.0; IR (KBr) cm
-1
 3358, 3052, 1734, 1699, 1660; MS (ESI/APCI Dual) m/z 505 (M+H)
+
; Anal. 
Calcd for C27H18Cl2N2O4 ·0.1H2O: C, 63.94; H, 3.62; N, 5.52. Found: C, 63.76; H, 3.70; N, 5.46. 
 
2-[1-[4-[(3,4-Dichlorophenyl)carbamoylamino]benzoyl]isoquinolin-4-yl]acetic acid (5-33) 
To a solution of 16 in DMF (3 ml) was added a solution of 3,4-dichlorophenyl isocyanate (282 mg, 
1.50 mmol) in DMF (2 ml) at 0 °C. The reaction mixture was stirred at room temperature for 1 h. 
Then the mixture was diluted with EtOAc, and the organic layer was washed with brine, dried over 
MgSO4 and concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (60N) eluting with 0-70% EtOAc/CHCl3 to give the target intermediate as a 
colorless powder (287 mg, 56%). To a solution of this intermediate (287 mg, 0.564 mmol) in THF 
(6 ml) was added 1 N NaOH (3 ml), and the mixture was stirred for 18 h at room temperature. The 
mixture was acidified with diluted hydrochloric acid and extracted with CHCl3. The organic layer 
was dried over MgSO4 and concentrated under reduced pressure to give 5-33 (489 mg, 77%) as a 
yellowish powder: mp 157.0-159.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.17 (s, 2 H), 7.33 - 8.17 
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(m, 11 H), 8.53 (s, 1 H), 9.19 (br s, 1 H), 9.42 (br s, 1 H), 12.67 (br s, 1 H); 
13
C NMR (126 MHz, 
DMSO-d6): 35.5, 117.5 (2 C), 118.7, 119.6, 123.6, 124.1, 125.0, 126.0, 127.2, 128.2, 129.7, 
130.6, 131.0, 131.0, 131.8 (2 C), 135.2, 139.5, 142.2, 144.9, 151.9, 156.3, 172.2, 192.9; IR (KBr) 
cm
-1
 3352, 3062, 1711, 1657, 1586; MS (ESI/APCI Dual) m/z 494 (M+H)
+
; Anal. Calcd for 
C25H17Cl2N3O4 ·0.6H2O: C, 59.44; H, 3.63; N, 8.32. Found: C, 59.46; H, 3.72; N, 8.22. 
 
2-[1-[4-[(3,4-Dichlorobenzoyl)-methylamino]benzoyl]isoquinolin-4-yl]acetic acid (5-34) 
To a suspension of sodium hydride (48 mg, 60% in oil, 1.2 mmol) in THF (4 ml) was added 5-20 
(190 mg, 0.396 mmol), and the mixture was stirred at room temperature for 1 h. To the mixture was 
added iodomethane (0.5 ml, 1.55 mmol), and the resulting mixture was stirred at room temperature 
for 3 h. The reaction was quenched with 2N hydrochloric acid, and the mixture was extracted with 
EtOAc. The organic layer was washed with brine, dried over MgSO4, and concentrated under 
reduced pressure. The crude residue was crystallized from EtOH to yield 5-34 (60 mg, 31 %) as a 
colorless powder: mp 173.0-175.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  3.42 (s, 3 H), 4.17 (s, 2 
H), 7.22 - 7.26 (m, 1 H), 7.37 - 7.41 (m, 2 H), 7.54 - 7.57 (m, 1 H), 7.62 - 7.64 (m, 1 H), 7.69 - 7.74 
(m, 1H), 7.76 - 7.80 (m, 2 H), 7.88 - 7.92 (m, 1 H), 8.04 - 8.07 (m, 1 H), 8.12 - 8.15 (m, 1 H), 8.52 
(s, 1 H), 12.68 (br s, 1 H);
13
C NMR (126 MHz, DMSO-d6)  35.5, 37.7, 124.2, 125.1, 125.9, 126.8 
(2 C), 127.9, 128.4, 128.4, 130.3, 130.5, 131.0, 131.1, 131.3 (2 C), 132.6, 133.8, 135.3, 136.4, 
142.2, 148.6, 155.1, 167.1, 172.0, 193.2; IR (KBr) cm
-1
 3044, 1713, 1668, 1646; MS (ESI/APCI 
Dual) m/z 493 (M+H)
+
; Anal. Calcd for C26H18Cl2N2O4: C, 63.30; H, 3.68; N, 5.68. Found: C, 




To a solution of 16 (320 mg, 1.00 mmol) in CHCl3 (5 ml) were added pyridine (0.324 ml, 4.00 
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mmol) and phenyl chloroformate (0.189 ml, 1.50 mmol) at 0 °C. The reaction mixture was stirred 
at room temperature for 1 h. Then the mixture was concentrated under reduced pressure. The crude 
residue was used in the next step without further purification. 
To a solution of the crude residue (440 mg) in THF (10 ml) were added 3,4-dichlorobenzylalcohol 
(354 mg, 2.0 mmol) and N,N-diisopropylethylamine (0.680 ml, 4.0 mmo), and the mixture was 
stirred at reflux temperature for 8 h. To the mixture was added 3,4-dichlorobenzylalcohol (354 mg, 
2.0 mmol), and the mixture was stirred at reflux temperature for 8 h to complete the reaction. After 
cooling to room temperature, the reaction mixture was diluted with EtOAc, and the organic layer 
was washed with H2O and brine, dried over MgSO4 and concentrated under reduce pressure. The 
residue was purified by silica gel column chromatography (60N) eluting with 0-50% 
EtOAc/hexane to give a target intermediate as a pale yellow amorphous (280mg, 0.535 mmol, 
54%). 
To a solution of the above intermediate (280 mg, 0.54 mmol) in THF (6 ml) was added 1 N 
aqueous NaOH (3 ml), and the mixture was stirred for 2 h at room temperature. The mixture was 
acidified with diluted hydrochloric acid and extracted with CHCl3. The organic layer was dried 
over MgSO4 and concentrated under reduced pressure to give 5-35 (235 mg, 86%) as a pale yellow 
powder: mp 159.0-161.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.16 (s, 2 H), 5.19 (s, 2 H), 7.41 - 
8.17 (m, 11 H), 8.52 (s, 1 H), 10.35 (s, 1 H), 12.73 (br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 
35.5, 64.6, 117.5 (2 C), 124.1, 125.1, 125.9, 127.3, 128.2, 128.2, 129.9, 130.3, 130.7, 130.7, 131.1, 
131.1, 131.8 (2 C), 135.3, 137.5, 142.2, 144.4, 152.9, 156.1, 172.1, 193.0; IR (KBr) cm
-1
 3308, 
1746, 1718, 1649; MS (ESI/APCI Dual) m/z 509 (M+H)
+
; Anal. Calcd for C26H18Cl2N2O5 ·0.8H2O: 
C, 59.62; H, 3.77; N, 5.35. Found: C, 59.68; H, 3.62; N, 5.34. 
 
2-[1-[4-[(3,4-Dichlorophenyl)methylamino]benzoyl]isoquinolin-4-yl]acetic acid (5-36) 
To a solution of 16 (180 mg, 0.562 mmol) and 3,4-dichlorobenzyl bromide (162 mg, 0.674 mmol) 
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in DMF (6 ml) was added potassium carbonate (93 mg, 0.674 mmol), and the mixture was stirred at 
reflux temperature for 5 h. To the mixture was added potassium carbonate (162 mg, 1.17 mmol), 
and the mixture was further stirred at the same temperature for 1 h. After cooling to room 
temperature, the mixture was diluted with EtOAc. The organic layer was washed with H2O and 
brine, dried over MgSO4 and concentrated under reduced pressure. The residue was purified by 
silica gel column chromatography (60N) eluting with 0-50% EtOAc/hexane to give the 
intermediate as a yellow amorphous (94 mg, 35%). 
To a solution of the above intermediate (94 mg, 0.196 mmol) in THF (2 ml) was added 1 N NaOH 
(1 ml), and the mixture was stirred for 2 h at room temperature. The mixture was acidified with 
diluted hydrochloric acid and extracted with CHCl3. The organic layer was dried over MgSO4 and 
concentrated under reduced pressure to give 5-36 (53 mg, 58%) as a yellowish powder: mp 
115.0-116.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.11 (s, 2 H), 4.37 - 4.41 (m, 2 H), 6.61 - 6.66 
(m, 2 H), 7.29 - 8.12 (m, 10 H), 8.44 - 8.47 (m, 1 H), 12.72 (br s, 1 H); 
13
C NMR (126 MHz, 
DMSO-d6):35.5, 44.5, 124.0, 124.2, 124.9, 126.1, 126.5, 127.5 (2 C), 127.8, 129.1 (2 C), 129.4, 
130.6, 130.8, 131.0, 132.6, 132.6, 135.1, 140.6, 142.2, 153.2, 157.5, 172.2, 191.8; MS (ESI/APCI 
Dual) m/z 465 (M+H)
+
; Anal. Calcd for C25H18Cl2N2O3 ·0.5H2O: C, 63.30; H, 4.04; N, 5.91. 
Found: C, 63.24; H, 3.98; N, 5.82. 
 
2-[1-[4-[(3,4-Dichlorophenyl)sulfonylamino]benzoyl]isoquinolin-4-yl]acetic acid (5-37) 
To a solution of 16 (320 mg, 1.00 mmol) in pyridine (5 ml) was added 3,4-dichlorobenzenesulfonyl 
chloride (368 mg, 1.50 mmol). After being stirred at room temperature for 1 h, the mixture was 
diluted with EtOAc, and the organic layer was washed with brine, dried over MgSO4, and 
concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (60N) eluting with 0-40% EtOAc/CHCl3 to give the target intermediate as a pale 
yellow amorphous (207 mg, 39%). 
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To a solution of the above intermediate (207 mg, 0.391 mmol) in THF (4 ml) was added 1 N NaOH 
(2 ml), and the mixture was stirred for 18 h at room temperature. The mixture was acidified with 
diluted hydrochloric acid and extracted with CHCl3. The organic layer was dried over MgSO4 and 
concentrated under reduced pressure to give 5-37 (24 mg, 12%) as a colorless powder: mp 
125.5-127.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.16 (s, 2 H), 7.23 - 7.27 (m, 2 H), 7.66 - 8.14 
(m, 9 H), 8.49 (s, 1 H), 11.16 (br s, 1 H), 12.67 (br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 35.5, 
118.3 (2 C), 124.1, 125.1, 125.9, 126.8, 127.5, 128.3, 128.4, 131.1, 131.3, 132.0, 132.1 (2 C), 132.4, 
135.3, 136.5,136.5, 139.6, 142.1, 155.6, 172.1, 192.9; IR (KBr) cm
-1
 3190, 2929, 1714, 1668, 1349, 
1167; MS (ESI/APCI Dual) m/z 515 (M+H)
+
; Anal. Calcd for C24H16Cl2N2O5S ·1.7H2O: C, 52.80; 
H, 3.58; N, 5.13. Found: C, 52.90; H, 3.30; N, 4.96. 
 
2-[1-[4-[(4-Chlorophenyl)carbamoyl]benzoyl]isoquinolin-4-yl]acetic acid (5-38) 
To a solution of 21（4.09 g, 10.1 mmol）in CHCl3 (200 ml) was added TFA (33 ml), and the mixture 
was stirred at 50 °C for 1 h. After cooling, the reaction mixture was diluted with H2O and extracted 
with CHCl3. The organic layer was dried over MgSO4 and concentrated under reduced pressure to 
give the crude product (3.39 g, 96%).  
To a solution of the crude product (100 mg, 0.286 mmol） in CHCl3 (3 ml) were added 
oxalylchloride (0.051 ml, 0.572 mmol) and DMF (1 drop), and the mixture was stirred at room 
temperature for 1 h. Then the reaction mixture was concentrated under reduced pressure. To a 
solution of the residue in CHCl3 (3 ml) were added 4-chloro-aniline (55 mg, 0.429 mmol) and 
pyridine (0.060 ml, 0.429 mmol), and the mixture was stirred at room temperature for 14 h. The 
reaction was quenched by adding a saturated aqueous ammonium chloride solution, and the 
separated organic layer was dried over MgSO4 and concentrated under reduced pressure. The 
residue was purified by silica gel column chromatography (OH) eluting with 30-60% 
EtOAc/hexane and crystallized from EtOAc/hexane to give the target intermediate (100 mg, 76%). 
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To a solution of the above intermediate (100 mg, 0.218 mmol) in THF (3 ml) was added 1 N NaOH 
(1.5 ml), and the mixture was stirred for 1 h at room temperature. The mixture was acidified with 
diluted hydrochloric acid at 0 °C and extracted with EtOAc. The organic layer was washed with 
brine, dried over MgSO4 and concentrated under reduced pressure. The residue was purified by 
silica gel column chromatography (OH) eluting with 0-15% MeOH/CHCl3 to give 5-38 (72 mg, 
74%) as a colorless powder: mp 184.0-187.0 °C; 
 1
H NMR (600 MHz, DMSO-d6):  4.19 (s, 2 H), 
7.41 - 8.24 (m, 12 H), 8.56 (s, 1 H), 10.58 (s, 1 H), 12.75 (br s, 1 H); 
13
C NMR (126 MHz, 
DMSO-d6): 35.6, 121.9 (2 C), 124.2, 125.3, 125.9, 127.6, 127.9 (2 C), 128.3, 128.5, 128.6 (2 C), 
130.3 (2 C), 131.2, 135.4, 137.9, 138.7, 139.0, 142.2, 154.7, 164.9, 172.0, 193.9; IR (KBr) cm
-1
 
3359, 2915, 1703, 1657, 1598; MS (ESI/APCI Dual) m/z 445 (M+H)
+
; Anal. Calcd for 
C25H17ClN2O4 ·0.5H2O: C, 66.16; H, 4.00; N, 6.17. Found: C, 66.06; H, 3.96; N, 6.14. 
 
2-[1-[4-[(3,4-Dichlorophenyl)carbamoyl]benzoyl]isoquinolin-4-yl]acetic acid (5-39) 
Pale yellow powder; mp 157.5-158.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.17 (br s, 2 H), 7.62 - 
8.56 (m, 12 H), 10.72 (br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 35.6, 120.3, 121.5, 124.2, 
125.4, 125.4, 125.9, 128.0 (2 C), 128.4, 128.6, 130.4 (2 C), 130.7, 130.9, 131.2, 135.5, 138.6, 138.9, 
139.1, 142.2, 154.6, 165.2, 172.0, 193.9; MS (ESI/APCI Dual) m/z 479 (M+H)
+
; Anal. Calcd for 
C25H16Cl2N2O4 ·0.3H2O: C, 61.95; H, 3.45; N, 5.78. Found: C, 61.89; H, 3.57; N, 5.74. 
 
2-[1-[4-[2-(4-Chlorophenyl)ethylcarbamoyl]benzoyl]isoquinolin-4-yl]acetic acid (5-40) 
Colorless powder; mp 172.0-174.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.83 - 2.88 (m, 2 H), 
3.47 - 3.53 (m, 2 H), 4.18 (s, 2 H), 7.24 - 8.77 (m, 14 H), 12.74 (br s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6): 34.2, 35.6,  40.7, 124.2, 125.3, 125.9, 127.4 (2 C), 128.1, 128.2 (2 C), 128.5, 130.3 
(2 C), 130.6 (2 C), 130.8, 131.2, 135.4, 138.2, 138.5, 138.9, 142.2, 154.9, 165.4, 172.0, 194.0; IR 
(KBr) cm
-1
 3297, 3043, 1700, 1678, 1636; MS (ESI/APCI Dual) m/z 473 (M+H)
+
; Anal. Calcd for 
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C27H21ClN2O4: C, 68.57; H, 4.48; N, 5.92. Found: C, 68.49; H, 4.53; N, 5.88. 
 
2-[1-[4-[2-(3,4-Dichlorophenyl)ethylcarbamoyl]benzoyl]isoquinolin-4-yl]acetic acid (5-41) 
Colorless powder; mp 178.5-179.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.85 - 2.90 (m, 2 H), 
3.50 - 3.55 (m, 2 H), 4.18 (br s, 2 H), 7.21 - 8.77 (m, 13 H), 12.69 (br s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6):
 
33.8, 35.6, 40.4, 124.2, 125.3, 125.9, 127.4 (2 C), 128.1, 128.5, 128.7, 129.3, 130.3, 
130.3 (2 C), 130.8, 130.8, 131.1, 135.4, 138.2, 138.9. 140.8, 142.2, 154.8, 165.5, 172.0, 193.9; MS 
(ESI/APCI Dual) m/z 507 (M+H)
+
; Anal. Calcd for C27H20Cl2N2O4: C, 63.92; H, 3.97; N, 5.52. 
Found: C, 63.59; H, 4.05; N, 5.52. 
 
2-[1-[4-[(3,4-Dichlorophenyl)methoxy]benzoyl]isoquinolin-4-yl]acetic acid (5-42) 
To a solution of 27（1.03 g, 3.07 mmol）in CHCl3 (30 ml) was added a solution of boron tribromide 
(3.70 ml, 5.58 mmol) in CHCl3 (30 ml) at 0 °C and the mixture was stirred for 2 h. The reaction 
was quenched by adding MeOH, and the organic layer was washed with H2O, dried over MgSO4 
and concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (60N) eluting with 0-5% MeOH/CHCl3 to give the target compound as a 
yellowish powder (463 mg, 47%). 
To a solution of the above target compound (2000 mg, 0.622 mmol) in DMF (5 ml) were added 
3,4-dichlorobenzylamine (0.111 ml, 0.747 mmol) and potassium carbonate (103 mg, 0.747 mmol), 
and the mixture was stirred at 80 °C for 4 h. After cooling to room temperature, the reaction 
mixture was diluted with EtOAc. The organic layer was washed with H2O and brine, dried over 
MgSO4 and concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (60N) eluting with 0-50% EtOAc/hexane to give a yellowish amorphous (70 mg, 
0.146 mmol, 23%). 
To a solution of the above intermediate (70 mg, 0.146 mmol) in a mixture of THF (2 ml) and 
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MeOH (1 ml) was added 1 N NaOH (1 ml), and the mixture was stirred for 2 h at room temperature. 
The mixture was acidified with hydrochloric acid at 0 °C and extracted with EtOAc. The organic 
layer was washed with brine, dried over MgSO4 and concentrated under reduced pressure. The 
residue was purified by OH-silica gel plate eluting with MeOH/CHCl3 (10/90) to give 5-42 (33 mg, 
48%) as a colorless amorphous:
 1
H NMR (600 MHz, DMSO-d6):  4.12 - 4.15 (m, 2 H), 5.24 (s, 2 
H), 7.14 - 8.16 (m, 11 H), 8.50 (s, 1 H);
 13
C NMR (126 MHz, DMSO-d6):
 
35.6, 68.0, 114.9 (2 C), 
124.2, 125.0, 125.9, 128.0, 128.2, 129.3, 129.7, 130.6, 130.8 (2 C), 131.0, 131.1, 132.7, 135.2, 
137.6, 142.2, 156.1, 162.5, 172.1, 185.0, 192.9; IR (KBr) cm
-1
 3437, 2917, 1714, 1662; MS 
(ESI/APCI Dual) m/z 466 (M+H)
+
; Anal. Calcd for C25H17Cl2N2O4 ·1.1H2O: C, 61.77; H, 3.98; N, 
2.88. Found: C, 61.50; H, 3.72; N, 2.81.  
 
2-[1-[4-[2-(4-Chlorophenyl)ethoxy]benzoyl]isoquinolin-4-yl]acetic acid (5-43) 
Colorless amorphous; 
1
H NMR (600 MHz, DMSO-d6):  3.06 (t, J = 6.6 Hz, 2 H), 4.16 (s, 2 H), 
4.30 (t, J = 6.6 Hz, 2 H), 7.04 - 8.14 (m, 12 H), 8.51 (s, 1 H), 12.69 (br s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6): 33.9, 35.6, 68.3, 114.6 (2 C), 115.6, 124.1, 125.0, 125.9, 127.3, 128.2, 128.2 (2 C), 
128.9, 130.9 (2 C), 131.0, 132.7 (2 C), 135.2, 137.1, 142.2, 156.2, 163.0, 172.1, 192.9; MS 
(ESI/APCI Dual) m/z 446 (M+H)
+
; Anal. Calcd for C26H20ClNO4 ·0.8H2O: C, 67.84; H, 4.73; N, 
3.04. Found: C, 68.08; H, 4.80; N, 2.82. 
 
2-[1-[4-[3-(4-Chlorophenyl)propoxy]benzoyl]isoquinolin-4-yl]acetic acid (5-44) 
Colorless amorphous; 
1
H NMR (600 MHz, DMSO-d6):  2.00 - 2.07 (m, 2 H), 2.72 - 2.76 (m, 2 H), 
4.07 (t, J = 6.4 Hz, 2 H), 4.15 (s, 2 H), 7.03 - 8.15 (m, 12 H), 8.51 (s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6): 29.9, 30.6, 35.6, 67.1, 114.6, 115.6 (2 C), 124.1, 125.0, 125.9, 128.2, 128.3 (2 C), 
128.9, 130.2 (2 C), 130.5, 131.0, 132.7 (2 C), 135.2, 140.2, 142.2, 156.3, 163.3, 172.1, 192.9; MS 
(ESI/APCI Dual) m/z 460 (M+H)
+
; Anal.Calcd for C27H22ClNO4 ·0.7H2O: C, 68.63; H, 4.99; N, 
82 
 
2.96. Found: C, 68.73; H, 5.07; N, 2.672. 
 
tert-Butyl 4-[4-(2-methoxy-1,1-dimethyl-2-oxo-ethyl)isoquinoline-1-carbonyl]benzoate (30) 
To a solution of 21（181 mg, 0.446 mmol）in DMF (3.6 ml) was added sodium hydride (38 mg, 
0.938 mmol) at 0 °C, and the mixture was stirred for 10 min. To the mixture was added 
iodomethane (0.058 ml, 0.938 mmol), and the reaction mixture was stirred for 1.5 h. The reaction 
was quenched by adding saturated ammonium chloride solution, and the mixture was extracted 
with EtOAc. The organic layer was dried over MgSO4 and concentrated under reduced pressure. 
The residue was purified by silica gel column chromatography (OH) eluting 10-30% 
EtOAc/hexane to give 30 (139 mg, 0.321 mmol, 72%) as colorless amorphous: 
1
H NMR (600 MHz, 
CDCl3):  1.61 (s, 9 H), 1.84 (s, 6 H), 3.63 (s, 3 H), 7.59 - 8.31 (m, 8 H), 8.65 (s, 1 H); MS 
(ESI/APCI Dual) m/z 434 (M+H)+. 
 
Methyl 2-[1-(4-carboxyphenylcarbonyl)isoquinolin-4-yl]-2-methylpropinate (31) 
To a solution of 30（139 mg, 0.321 mmol）in CHCl3 (1.5 ml) was added TFA (0.7 ml) at 0 °C, and 
the mixture was stirred at room temperature for 17 h. The reaction mixture was concentrated under 
reduced pressure, and the residue was neutralized by 1N NaOH, and extracted with EtOAc The 
organic layer was dried over MgSO4 and concentrated under reduced pressure to give 31 (128 mg, 
0.339 mmol, quant) as a colorless amorphous: 
1
H NMR (600 MHz, DMSO-d6): 1.75 (s, 6 H), 3.55 





To a suspension of 31 (128 mg, 0.321 mmol), 2-(4-chlorophenyl)ethylamine (0.054 ml, 0.385 
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mmol), and 1-hydroxybenzotriazole (74 mg, 0.482 mmol) in CHCl3 (1.5 ml) was added 
1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (92 mg, 0.482 mmol), and the 
mixture was stirred at room temperature for 3 h. The mixture was washed with H2O, dried over 
MgSO4 and concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (NH) eluting with 60-100% hexane/EtOAc to give 32 (73 mg, 44%) as a colorless 
amorphous: 
1
H NMR (600 MHz, CDCl3):  1.84 (s, 6 H), 2.91 - 2.95 (m, 2 H), 3.63 (s, 3 H), 3.69 - 







Pale yellow powder; mp 105.0-106.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  1.76 (s, 6 H), 2.83 - 
2.89 (m, 2 H), 3.47 - 3.53 (m, 2 H), 7.24 - 8.77 (m, 14 H), 12.80 (br s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6): 26.7 (2 C), 34.2, 40.7, 44.9, 123.9, 125.4, 126.6, 127.4 (2 C), 128.0, 128.2 (2 C), 
130.3 (2 C), 130.6 (2 C), 130.8, 131.0, 134.2, 136.2, 138.0, 138.2, 138.5, 139.0, 155.3, 165.4, 178.5, 
194.1; IR (KBr) cm
-1









This compound was prepared from 4-bromo-1-chloroisoquinoline and methyl 
4-(cyanomethyl)benzoate in a similar manner as described for the synthesis of 13: 
1
H NMR (600 
MHz, CDCl3):  3.96 (s, 3 H), 7.71 - 7.75 (m, 1 H), 7.87 - 7.91 (m, 1 H), 7.99 - 8.02 (m, 2 H), 8.12 






To a suspension of 34 (6.00 g, 16.2 mmol), bis(pinacolato)diboron (41.1 g, 162 mmol), and 
potassium acetate (19.0g, 194 mmol) in DMF (120 ml) was added PdCl2(dppf) (1.32 g, 1.62 mmol), 
and the mixture was stirred at 80 °C for 2 h. After the mixture being cooled to room temperature, 
the mixture was diluted with H2O, and extracted with EtOAc, The organic layer was washed with 
brine, dried over MgSO4, and concentrated under reduced pressure. The residue was purified by 
silica gel column chromatography (OH) eluting 10-20% hexane/EtOAc to give 35 (3.72 g, 55%) as 
a pale yellow powder: 
1
H NMR (600 MHz, CDCl3): 1.46 (s, 12 H), 3.95 (s, 3 H), 7.58 - 7.63 (m, 
1 H), 7.77 - 7.81 (m, 1 H), 7.96 - 8.01 (m, 2 H), 8.09 - 8.13 (m, 2 H), 8.16 - 8.20 (m, 1 H), 8.78 - 
8.82 (m, 1 H), 9.03 (s, 1 H).  
 
4-Hydroxy-1-{4-(methoxycarbonyl)phenylcarbonyl}isoquinoline (36) 
To a suspension of 35 (3.70 g, 8.87 mmol) and sodium bicarbonate (5.22 g, 62.1 mmol) in a 
mixture of acetone (30 ml) and H2O (30 ml) was added oxone (8.18 g, 13.3 mmol) at 0 °C. The 
reaction mixture was stirred at 0 °C for 1.5 h and then at room temperature for 30 min. To the 
mixture was added 1N aqueous HCl, and the mixture was extracted with EtOAc. The organic layer 
was washed with brine, dried over MgSO4 and concentrated under reduced pressure. The residue 
was purified by silica gel column chromatography (OH) eluting 50-100% hexane/EtOAc and then 
10% MeOH/CHCl3 to give 36 (260 mg, 9%) as a yellow solid: 
1
H NMR (600 MHz, DMSO-d6):  
3.91 (s, 3 H), 7.75 - 7.83 (m, 2 H), 7.93 - 7.96 (m, 2 H), 8.06 - 8.09 (m, 2 H), 8.16 (s, 1 H), 8.27 - 




tert-Butyl 1-[4-(methoxycarbonyl)phenylcarbonyl]isoquinolin-4-yloxyacetate (37)  
To a solution of 36 (254 mg, 0.827 mmol) in DMF (5 ml) were added tert-butyl 2-bromoacetate 
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(242 mg, 1.24 mmol) and K2CO3 (343 mg, 2.48 mmol), and the mixture was stirred at room 
temperature for 1.5h. Then the mixture was diluted with EtOAc, and the organic layer was washed 
with brine, dried over MgSO4 and concentrated under reduced pressure. The residue was purified 
by silica gel column chromatography (OH) eluting with 10-20% hexane/EtOAc to give 37 (328 mg, 
94%) as a pale yellow powder: 
1
H NMR (600 MHz, CDCl3): 1.53 (s, 9 H), 3.96 (s, 3 H), 4.85 (s, 
2 H), 7.69 - 7.80 (m, 2 H), 7.99 - 8.02 (m, 2 H), 8.03 (s, 1 H), 8.12 - 8.15 (m, 2 H), 8.42 - 8.52 (m, 




tert-Butyl 1-[4-(carboxy)phenylcarbonyl]isoquinolin-4-yloxyacetate (38) 
To a solution of 37 (100 mg, 0.237 mmol) in THF (6 ml) was added 0.2 M aqueous NaOH, and the 
mixture was stirred at room temperature for 1.5h. The mixture was neutralized with saturated 
ammonium chloride solution, and the mixture was extracted with EtOAc. The organic layer was 
dried over MgSO4 and concentrated under reduced pressure to give 38 (40 mg, 48%), which was 
used in the next reaction without further purification: 
1
H NMR (600 MHz, CDCl3):  1.43 (s, 9 H), 
4.83 - 4.87 (m, 2 H), 7.70 - 7.81 (m, 2 H), 7.99 - 8.20 (m, 5 H), 8.42 - 8.56 (m, 2 H); MS 







A mixture of 38 (19 mg, 0.047 mmol), 4-chlorophenethylamine (15 mg, 0.094 mmol), WSC-HCl 
(18 mg, 0.094 mmol), and HOBT-H2O (14 mg, 0.094 mmol) in CHCl3 (1 ml) was stirred at room 
temperature for 1 h. Then the mixture was added H2O, extracted with EtOAc, dried over MgSO4 
and concentrated. The residue was purified by silica gel column chromatography (OH, 
hexane/EtOAc =10-40%) to give 39 (15 mg, 59%) as a colorless powder: 
1
H NMR (600 MHz, 
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CDCl3):  1.53 (s, 9 H), 2.93 (t, J = 6.88 Hz, 2 H), 3.69 - 3.74 (m, 2 H), 4.85 (s, 2 H), 6.11 - 6.15 
(m, 1 H), 7.15 - 7.19 (m, 2 H), 7.28 - 7.32 (m, 2 H), 7.69 - 7.80 (m, 4 H), 7.97 - 8.04 (m, 3 H), 8.42 




2-[1-[4-[2-(4-Chlorophenyl)ethylcarbamoyl]benzoyl]isoquinolin-4-yl]oxyacetic acid (5-46) 
To a solution of 39 (14 mg, 0.026 mmol) in THF (1 ml) was added 1 N aqueous NaOH (0.5 ml), 
and the mixture was stirred for 16 h at room temperature. The mixture was acidified with 1N 
aqueous HCl and extracted with EtOAc. The organic layer was dried over MgSO4 and concentrated 
under reduced pressure. The residue was crystallized to provide 5-46 (5 mg, 39%) as a colorless 
powder: 
1
H NMR (600 MHz, DMSO-d6):  2.86 (t, J = 7.11 Hz, 2 H), 3.48 - 3.53 (m, 2 H), 5.12 (s, 
2 H), 7.26 - 8.75 (m, 14 H);
 13
C NMR (126 MHz, DMSO-d6): 34.2, 40.7, 65.6, 121.3, 122.9, 
125.4, 126.9, 127.0 (2 C), 127.8, 128.2 (2 C), 129.3, 130.3 (2 C), 130.6 (2 C), 130.8, 138.3, 138.5, 




methyl 2-[1-[(4-aminophenyl)-hydroxy-methyl]-4-isoquinolyl]acetate (43) 
To a solution of 16 (500 mg, 1.56 mmol) in a mixture of MeOH (3 ml) and THF (10 ml) was added 
sodium borohydride (1.24 g, 32.8 mmol) at 0 °C, and the mixture was stirred for 2 h. The reaction 
mixture was diluted with CHCl3, and washed with satd. aq. NH4Cl. The organic layer was dried 
over MgSO4, and concentrated under reduced pressure. The crude residue was used in the next step 
without further purification. 
To a solution of the crude residue (500 mg) in CHCl3 (7 ml) were added triethylsilane (1.5 ml) and 
TFA (1.5 ml), and the mixture was stirred at 60 °C for 14 h. The reaction mixture was diluted with 
CHCl3, and washed with satd. aq. NaHCO3. The organic layer was dried over MgSO4 and 
concentrated under reduced pressure. The residue was purified by silica gel column 





H NMR (600 MHz, CDCl3): 
 
3.53 (brs, 2 H), 3.69 (s, 3 H), 3.99 (s, 2 H), 4.54 
(s, 2 H), 6.57 - 6.60 (m, 2 H) 7.06 - 7.0 (m, 2 H), 7.51 - 7.55 (m, 1 H), 7.66 - 7.70 (m, 1 H), 7.92 - 
7.95 (m, 1 H), 8.19 - 8.22 (m, 1 H), 8.39 (s, 1 H). 
 
methyl 2-[1-[(4-aminophenyl)methyl]-4-isoquinolyl]acetate (44) 
To a solution of 43 (190 mg, 0.62 mmol) in pyridine (8 ml) was added 3,4-dichlorobenzoyl 
chloride (195 mg, 0.93 mmol) at 0 °C, and the mixture was stirred at room temperature for 14 h. 
The reaction was quenched by adding satd. aq. NaHCO3, and the mixture was extracted with 
EtOAc. The organic layer was washed with diluted hydrochloric acid and brine, dried over MgSO4 
and concentrated under reduced pressure. The resulting residue was purified by silica gel column 
chromatography (60N) eluting with 30-60% EtOAc/hexane to give 44 (210 mg, 71%) as a pale 
brown powder: 
1
H NMR (600 MHz, CDCl3):  3.70 (s, 3 H), 4.01 (s, 2 H), 4.65 (s, 2 H), 7.26 - 
7.29 (m, 2 H), 7.46 - 7.73 (m, 7 H), 7.91 - 7.98 (m, 2 H), 8.15 - 8.18 (m, 1 H), 8.41 (s, 1 H); MS 




2-[1-[[4-[(3,4-dichlorobenzoyl)amino]phenyl]methyl]isoquinolin-4-yl]acetic acid (41) 
To a solution of 44 (200 mg, 0.42 mmol) in a mixture of THF (3 ml) and MeOH (3 ml) was added 1 
N NaOH (6 ml), and the mixture was stirred for 30 min at room temperature. The mixture was 
acidified with acetic acid and added H2O. The precipitate was filtered and dried to give 41 (165 mg, 
85%) as a colorless powder: mp 145.0-152.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  4.00 (s, 2 H), 
4.60 (s, 2 H), 7.24 - 7.32 (m, 2 H), 7.58 - 7.67 (m, 3 H), 7.73 - 7.83 (m, 2 H), 7.87 - 7.92 (m, 1 H), 
7.94 -8.00 (m, 1 H), 8.14 - 8.19 (m, 1 H), 8.29 - 8.37 (m, 2 H), 10.31 (br s, 1 H), 12.59 (br s, 1 H);
 
13
C NMR (126 MHz, DMSO-d6): 35.5, 40.4, 120.6 (2 C), 124.1, 124.1, 126.0, 126.2, 127.1, 
128.0, 128.7 (2 C), 129.5, 130.1, 130.7, 131.2, 134.3, 135.1, 135.2, 135.3, 136.8, 142.8, 159.5, 
162.9, 172.5; MS (ESI/APCI Dual) m/z 465 (M+H)
+
; Anal. Calcd for C25H18Cl2N2O3 ·1.0H2O: C, 
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62.12; H, 4.17; N, 5.80. Found: C, 61.17; H, 4.12; N, 5.67. 
 
Tributyl-[[4-[(2-methylpropan-2-yl)oxycarbonyl]phenyl]methyl]phosphanium bromide (51) 
To a solution of tert-butyl 4-(bromomethyl)benzoate (50) (22.1 g, 81.6 mmol) in toluene (440 ml) 
was added tri-n-butyl phosphine (30.5 ml, 121 mmol), and the mixture was stirred at 60 °C for 70 
min. The reaction mixture was evaporated and the residue was added n-hexane. The mixture was 
stirred and the resulting precipitate was collected by filtration, and dried to yield 51 (36.0 g, 93%) 
as a colorless powder: 
1
H NMR (600 MHz, CDCl3):  0.93 - 0.98 (m, 9 H), 1.44 - 1.52 (m, 12 H), 







A 1.9 M of NaHMDS in THF (2.60 ml, 2.60 mmol) was added to a solution of 51 (33.8 g, 71.4 
mmol) and methyl 1-chlorosioquinoline-4-carboxylate (11.3 g, 60.0 mmol) in THF (235 ml) at 
-30 °C, and the mixture was stirred for 15 min and at room temperature for 45 min. After stirring 
50 °C for 75 min, to the mixture was added a sodium carbonate solution (10.8 g in 120 ml) and the 
mixture was stirred at 60 °C for 2 h. The reaction was acidified (pH = 5) by adding 1N HCl, and 
the mixture was extracted with EtOAc. The organic layer was dried over MgSO4, and concentrated 
under reduced pressure. The residue was purified by silica gel column chromatography (OH) 
eluting with 10-30% EtOAc/hexane to give 52 (11.1g, 58%) as orange oil: 
1
H NMR (600 MHz, 
CDCl3):  1.55 (s, 9 H), 4.02 (s, 3 H), 4.76 (s, 2 H), 7.27 - 8.98 (m, 8 H), 9.14 (s, 1 H); MS 







1-[[4-[(2-Methylpropan-2-yl)oxycarbonyl]phenyl]methyl]isoquinoline-4-carboxylic acid (53) 
To a solution of 52 (11.8 g, 29.5 mmol) in THF (150 ml) was added 1 N NaOH (150 ml), and the 
mixture was stirred at 50 °C for 2.5 h. The mixture was acidified with 1N HCl, and extracted with 
EtOAc. The organic layer was dried over MgSO4, and concentrated to give 53 (11.1 g, quant) as a 
pale orange powder: 
1
H NMR (600 MHz, CDCl3):  1.50 (s, 9 H), 4.76 (s, 2 H), 7.38 - 8.99 (m, 9 




tert-Butyl 4-[[4-(2-methoxy-2-oxoethyl)isoquinolin-1-yl]methyl]benzoate (54) 
To a suspension of 53 (11.1 g, 29.5 mmol) in CHCl3 (265 ml) was added oxalyl chloride (5.1 ml, 
59.0 mmol) and DMF (1 drop) at 0 °C, and the mixture was stirred for 70 min. After evaporation of 
the volatile in the reaction mixture, the residue was dissolved in a mixture of THF (133 ml) and 
CH3CN (133 ml). To this mixture was added a 2.0 M of TMSCHN2 in CH2Cl2 (29.5 ml, 59.0 
mmol) at 0 °C, and the resulting mixture was stirred for 3 h. Then the reaction mixture was 
concentrated under reduced pressure. To a solution of the residue in a mixture of 1,4-dioxane (133 
ml) and H2O (133 ml) was added silver acetate (2.95 g, 17.6 mmol), and the mixture was stirred at 
60 °C for 45 min. After cooling, the mixture was extracted with EtOAc, and the organic layer was 
washed with brine, dried over MgSO4 and concentrated under reduced pressure. The resulting 
residue was dissolved in MeOH (265 ml), and a 2.0 M of TMSCHN2 in CH2Cl2 (44.2 ml, 88.4 
mmol) was added to this mixture. After being stirred for 20 min, the reaction was quenched by 
adding a few drops of AcOH. The mixture was diluted with EtOAc and the organic layer was 
washed with brine, dried over MgSO4 and concentrated under reduced pressure. The residue was 
purified by silica gel column chromatography (60N) eluting with 10-40% EtOAc/hexane to give 54 
(4.07 g, 35% from 53) as brown oil: 
1
H NMR (600 MHz, CDCl3):  1.50 (s, 9 H), 4.76 (s, 2 H), 






4-[[4-(2-Methoxy-2-oxoethyl)isoquinolin-1-yl]methyl]benzoic acid (55) 
To a solution of 54 (4.07 g, 10.4 mmol) in CHCl3 (40 ml) was added TFA (20 ml) at 0 °C, and the 
mixture was stirred at room temperature for 3.5 h. The reaction mixture was basified with 1N 
NaOH and extracted with EtOAc. The organic layer was washed with brine, dried over MgSO4 and 
concentrated under reduced pressure to give 55 (3.42 g, 98%) as a pale brown powder. This 
compound was used for the next reaction without further purification: 
1
H NMR (600 MHz, CDCl3): 
3.62 (s, 3 H), 4.13 (s, 2 H), 4.71 (s, 2 H), 7.39 - 8.36 (m, 8 H), 8.37 (s, 1 H), 12.79 (br s, 1 H); 






To a suspension of 55 (2.69 g, 8.02 mmol) in CHCl3 (40 ml) was added oxalyl chloride (1.07 ml, 
12.0 mmol) and DMF (3 drop) at 0 °C, and the mixture was stirred for 1 h. After evaporation of the 
volatile in the reaction mixture, the residue was dissolved in CHCl3 (40 ml). To this mixture was 
added 2-(4-chlorophenyl)ethylamine (1.68 ml, 12.0 mmol) and pyridine (0.973 ml, 12.0 mmol) at 
0 °C, and the resulting mixture was stirred for 1 h. Then the reaction was quenched by adding a 
saturated ammonium chloride solution, and the mixture was extracted with EtOAc. The organic 
layer was dried over MgSO4, and concentrated under reduced pressure. The residue was purified by 
silica gel column chromatography (NH) eluting with 10-100% EtOAc/hexane to give 56-9 (1.31 g, 
35%) as a pale yellow powder: 
1
H NMR (600 MHz, CDCl3): 2.87 (t, J = 6.9 Hz, 2 H), 3.61 - 3.67 
(m, 2 H), 3.70 (s, 3 H), 4.01 (s, 2 H), 4.68 (s, 2 H), 6.04 (t, J = 5.3 Hz, 1 H), 7.11 - 8.13 (m, 12 H), 




2-[1-[[4-[2-(4-Chlorophenyl)ethylcarbamoyl]phenyl]methyl]isoquinolin-4-yl]acetic acid (45-9) 
To a solution of 56-9 (1.31 g, 2.77 mmol) in THF (55 ml) was added 1 N NaOH (14 ml) at 0 °C, 
91 
 
and the mixture was stirred for 2.5 h at room temperature. The mixture was acidified with diluted 
hydrochloric acid and extracted with EtOAc. The organic layer was dried over MgSO4 and 
concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (OH) eluting with 0-15% CHCl3/MeOH. The resulting powder was added ethanol 
(250 ml) and the mixture was stirred at room temperature for 17 h. Then the resulting precipitate 
was collected by filtration, and dried to yield 45-9 (944 mg, 74%) as a pale yellow powder: mp 
184.0-185.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.79 (t, J = 7.3 Hz, 2 H), 3.39 - 3.46 (m, 2 H), 
4.00 (s, 2 H), 4.67 (s, 2 H), 7.20 - 8.43 (m, 14 H), 12.59 (br s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6):
 
34.3, 35.4, 40.5, 40.6, 124.1, 124.2, 126.0, 126.1, 126.1, 127.2 (2 C), 128.2 (2 C), 
128.5 (2 C), 130.2, 130.6 (2 C), 130.7, 132.6, 135.1, 138.6, 142.8, 142.9, 159.0, 166.1, 172.4; IR 
(KBr) cm
-1
 3283, 2924, 1712, 1634; MS (ESI/APCI Dual) m/z 459 (M+H)
+
; Anal. Calcd for 
C27H23ClN2O3 ·0.6H2O: C, 69.04; H, 5.19; N, 5.96. Found: C, 69.01; H, 5.17; N, 5.97. 
 
Compound 45-1 - 45-18 were obtained according to the procedure of 45-9. 
 
2-[1-[[4-(Methylcarbamoyl)phenyl]methyl]isoquinolin-4-yl]acetic acid (45-1) 
Pale yellow powder; mp 219.0-221.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.73 (d, J = 4.6 Hz, 3 
H), 4.00 (s, 2 H), 4.67 (s, 2 H), 7.32 - 8.38 (m, 10 H), 12.55 (br s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6):
 
26.2, 35.4, 40.6, 124.1, 124.2, 126.0, 126.1, 127.2 (2 C), 127.2, 128.5 (2 C), 130.2, 
132.6, 135.1, 142.7, 142.9, 159.0, 166.5, 172.4; MS (ESI/APCI Dual) m/z 335 (M+H)
+
; HRMS m/z 
Calcd for C20H18N2O3 (M+Na)
+
, 357.1210. Found: 357.1199. 
 
2-[1-[[4-(2-Cyclopropylethylcarbamoyl)phenyl]methyl]isoquinolin-4-yl]acetic acid (45-2)  
Pale yellow powder; mp 188.5-189.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  0.00 - 0.06 (m, 2 H), 
0.34 - 0.42 (m, 2 H), 0.64 - 0.74 (m, 1 H), 1.33 - 1.44 (m, 2 H), 3.23 - 3.32 (m, 2 H), 4.00 (s, 2 H), 
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4.67 (s, 2 H), 7.32 - 8.40 (m, 10 H), 12.57 (br s, 1 H);
 13
C NMR (126 MHz, DMSO-d6):
 
4.1 (2 C), 
8.6, 34.0, 35.4, 40.1, 40.6, 124.1, 124.2, 126.0, 126.1, 127.2 (2 C), 127.2, 128.4 (2 C), 130.2, 132.8, 
135.1, 142.7, 142.8, 159.1, 165.9, 172.4; MS (ESI/APCI Dual) m/z 389 (M+H)
+
; Anal. Calcd for 
C24H24N2O3 ·0.3H2O: C, 73.19; H, 6.30; N, 7.11. Found: C, 73.03; H, 6.13; N, 6.98. 
 
2-[1-[[4-(2-Phenylethylcarbamoyl)phenyl]methyl]isoquinolin-4-yl]acetic acid (45-3) 
Pale yellow powder; mp 197.0-199.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.80 (t, J =7.3 Hz, 2 
H), 3.41 - 3.46 (m, 2 H), 4.02 (s, 2 H), 4.68 (s, 2 H), 7.16 - 8.45 (m, 15 H), 12.52 (br s, 1 H);
 13
C 
NMR (126 MHz, DMSO-d6): 35.1, 35.4, 40.5, 40.8, 124.1, 124.3, 126.0, 126.1, 126.2, 127.3 (2 
C), 127.3, 128.3 (2 C), 128.5 (2 C), 128.6 (2 C), 130.4, 132.7, 135.2, 139.5, 142.6, 142.7, 159.0, 
166.0, 172.4; IR (KBr) cm
-1
 3387, 2929, 1716, 1636; MS (ESI/APCI Dual) m/z 425 (M+H)
+
; Anal. 
Calcd for C27H24N2O3 ·0.5H2O: C, 74.81; H, 5.81; N, 6.46. Found: C, 75.10; H, 5.80; N, 6.36. 
 
2-[1-[[4-(2-Morpholin-4-ylethylcarbamoyl)phenyl]methyl]isoquinolin-4-yl]acetic acid (45-4)  
Colorless powder; mp 130.0-131.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.36 - 2.43 (m, 6 H), 
2.60 - 2.62 (m, 2 H), 3.54 (s, 4 H), 3.95 (br s, 2 H), 4.67 (s, 2 H), 7.32 - 8.36 (m, 10 H), 12.55 (br s, 
1 H);
 13
C NMR (126 MHz, DMSO-d6): 35.4, 36.5, 40.6, 53.3 (2 C), 57.3, 66.2 (2 C), 124.1, 124.2, 
126.0, 126.1, 127.2, 127.3 (2 C), 128.5 (2 C), 130.2, 132.6, 135.1, 142.8, 142.8, 159.0, 166.0, 
172.5; IR (KBr) cm
-1
 3436, 2957, 1644, 1612; MS (ESI/APCI Dual) m/z 434 (M+H)
+
; HRMS m/z 
Calcd for C25H27N3O4 (M+H)
+
, 434.2074. Found: 434.2065. 
 
2-[1-[[4-[2-(Oxan-4-yl)ethylcarbamoyl]phenyl]methyl]isoquinolin-4-yl]acetic acid (45-5) 
Pale yellow powder; mp 197.5-198.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  1.07 - 1.61 (m, 7 H), 
3.20 - 3.28 (m, 4 H), 3.77 - 3.83 (m, 2 H), 4.01 (s, 2 H), 4.67 (s, 2 H), 7.35 - 8.37 (m, 10 H), 12.57 
(br s, 1 H);
 13
C NMR (126 MHz, DMSO-d6): 32.0, 32.6 (2 C), 35.5, 36.2, 36.3, 40.6, 67.0 (2 C), 
93 
 
124.1, 124.3, 126.0, 126.1, 127.2 (2 C), 127.2, 128.4 (2 C), 130.2, 132.7, 135.1, 142.7, 142.8, 159.0, 
165.9, 172.4; MS (ESI/APCI Dual) m/z 433 (M+H)
+
; Anal. Calcd for C26H28N2O4 ·0.5H2O: C, 
70.73; H, 6.62; N, 6.34. Found: C, 70.61; H, 6.47; N, 6.13. 
 
2-[1-[[4-(2-Pyridin-4-ylethylcarbamoyl)phenyl]methyl]isoquinolin-4-yl]acetic acid (45-6) 
Colorless powder; 
1
H NMR (600 MHz, DMSO-d6):  2.80 - 2.86 (m, 2 H), 3.45 - 3.51 (m, 2 H), 
3.69 (br s, 2 H), 4.63 (s, 2 H), 7.19 - 8.48 (m, 14 H);
 13
C NMR (126 MHz, DMSO-d6): 34.2, 39.8, 
39.9, 40.6, 124.2 (2 C), 124.9, 125.7, 126.0, 126.8, 127.2 (2 C), 128.5 (2 C), 129.5, 129.5, 132.4, 
135.5, 142.4, 143.1, 148.5, 149.4 (2 C), 157.7, 157.7, 166.13; IR (KBr) cm
-1
 3402, 3068, 1639, 
1610; MS (ESI/APCI Dual) m/z 426 (M+H)
+





2-[1-[[4-[2-(2-Chlorophenyl)ethylcarbamoyl]phenyl]methyl]isoquinolin-4-yl]acetic acid (45-7)  
Pale yellow powder; mp 181.0-183.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.91 - 2.97 (m, 2 H), 
3.44 - 3.50 (m, 2 H), 4.01 (s, 2 H), 4.67 (s, 2 H), 7.21 - 8.49 (m, 14 H), 12.52 (br s, 1 H);
 13
C NMR 
(126 MHz, DMSO-d6): 32.8, 35.4, 38.9, 40.6, 124.1, 124.1, 124.2, 126.0, 126.1, 127.2, 127.2 (2 
C), 128.1, 128.5 (2 C), 129.2, 130.3, 131.1, 131.1, 132.6, 133.1, 135.1, 136.9, 142.8, 159.0, 166.1, 
172.4; IR (KBr) cm
-1
 3298, 2932, 1714, 1635; MS (ESI/APCI Dual) m/z 459 (M+H)
+
; Anal. Calcd 
for C27H23ClN2O3 ·0.5H2O: C, 69.30; H, 5.33; N, 5.81. Found: C, 69.15; H, 5.33; N, 5.81. 
 
2-[1-[[4-[2-(3-Chlorophenyl)ethylcarbamoyl]phenyl]methyl]isoquinolin-4-yl]acetic acid (45-8) 
Pale yellow powder; mp 121.0-123.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.82 (t, J = 7.1 Hz, 2 
H), 3.42 - 3.48 (m, 2 H), 4.01 (s, 2 H), 4.67 (s, 2 H), 7.14 - 8.45 (m, 14 H), 12.54 (br s, 1 H);
 13
C 
NMR (126 MHz, DMSO-d6): 34.5, 35.4, 40.4, 40.6, 124.1, 124.2, 126.0, 126.1, 126.1, 127.2 (2 
C), 127.5, 127.5, 128.5 (2 C), 128.5, 130.1, 130.2, 132.6, 132.9, 135.1, 142.2, 142.8, 142.8, 159.1, 
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166.1, 172.4; IR (KBr) cm
-1
 3294, 2931, 1722, 1714; MS (ESI/APCI Dual) m/z 459 (M+H)
+
; Anal. 




Pale yellow powder; mp 121.0-124.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.24 (s, 3 H), 2.75 (t, J 
= 7.6 Hz, 2 H), 3.36 - 3.43 (m, 2 H), 4.19 (s, 2 H), 4.90 (s, 2 H), 7.05 - 8.58 (m, 14 H);
 13
C NMR 
(126 MHz, DMSO-d6): 20.6, 34.6, 35.0, 39.78, 40.9, 124.8, 125.8, 127.6 (2 C), 127.6,127.6, 
128.5 (2 C), 128.5, 128.6 (2 C),128.6, 128.9 (2 C), 128.9, 129.3, 133.3, 133.3, 134.9, 136.4, 157.8, 
165.8, 171.7; IR (KBr) cm
-1
 3308, 2927, 1724, 1641; MS (ESI/APCI Dual) m/z 439 (M+H)
+
; 
HRMS m/z Calcd for C28H26N2O3 (M+H)
+




Pale yellow powder; mp 187.0-188.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.67 (t, J = 7.6 Hz, 2 
H), 2.83 (s, 6 H), 3.32 - 3.38 (m, 2 H), 4.00 (s, 2 H), 4.67 (s, 2 H), 6.62 - 8.40 (m, 14 H), 12.57 (br 
s, 1 H);
 13
C NMR (126 MHz, DMSO-d6): 34.2, 35.4, 40.3 (2 C), 40.6, 41.3, 112.7 (2 C), 124.1, 
124.2, 126.0, 126.1, 126.1, 127.0, 127.2 (2 C), 128.5 (2 C), 129.0 (2 C), 130.2, 132.7, 135.1, 142.7, 
142.8, 149.0, 159.0, 165.9, 172.4; IR (KBr) cm
-1
 3324, 2917, 1703, 1634; MS (ESI/APCI Dual) 
m/z 468 (M+H)
+
; Anal. Calcd for C29H29N3O3 ·0.5H2O: C, 73.09; H, 6.34; N, 8.82. Found: C, 




Colorless powder; mp 172.0-173.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.70 - 2.76 (m, 2 H), 
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3.37 - 3.42 (m, 2 H), 3.70 (s, 3 H), 4.01 (s, 2 H), 4.67 (s, 2 H), 6.79 - 8.42 (m, 14 H), 12.53 (br s, 1 
H);
 13
C NMR (126 MHz, DMSO-d6): 34.2, 35.4, 40.6, 41.1, 54.9, 113.7 (2 C), 124.1, 124.2, 
126.0, 126.2, 127.2 (2 C), 128.5 (2 C), 129.6 (2 C), 130.3, 130.3, 131.4, 132.7, 135.1, 142.7, 142.7, 
157.6, 159.1, 166.0, 172.4; IR (KBr) cm
-1
 3314, 2933, 1699, 1635; MS (ESI/APCI Dual) m/z 477 
(M+H)
+
; Anal. Calcd for C28H26N2O4 ·0.4H2O: C, 72.84; H, 5.85; N, 6.07. Found: C, 72.88; H, 




Pale yellow powder; mp 145.0-150.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.67 (t, J = 7.6 Hz, 2 
H), 3.34 - 3.39 (m, 2 H), 4.00 (s, 2 H), 4.67 (s, 2 H), 6.63 - 8.41 (m, 14 H), 9.15 (br s, 1 H), 12.54 
(br s, 1 H); 
13
C NMR (126 MHz, DMSO-d6): 34.3, 35.4, 40.6, 41.2, 115.1 (2 C), 124.1, 124.1, 
124.2, 126.0, 126.1, 127.2 (2 C), 128.5 (2 C), 129.5 (2 C), 129.5, 130.2, 132.7, 135.1, 142.7, 142.8, 
155.6, 159.0, 166.0, 172.4; MS (ESI/APCI Dual) m/z 441 (M+H)
+
; Anal. Calcd for C27H24N2O4 




Pale yellow powder; mp 121.5-122.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.89 - 2.95 (m, 2 H), 
3.17 (s, 3 H), 3.45 - 3.51 (m, 2 H), 4.00 (s, 2 H), 4.67 (s, 2 H), 7.35 - 8.47 (m, 14 H), 12.56 (br s, 1 
H); 
13
C NMR (126 MHz, DMSO-d6): 34.8, 35.4, 40.3, 40.6, 43.6, 124.1, 124.1, 124.2, 126.0, 
126.1, 126.1, 127.0 (2 C), 127.2 (2 C), 128.5 (2 C), 129.6 (2 C), 130.2, 132.5, 135.1, 138.7, 142.9, 
145.9, 159.0, 166.2, 172.4; IR (KBr) cm
-1
 3392, 2928, 1721, 1644, 1301, 1148; MS (ESI/APCI 
Dual) m/z 503 (M+H)
+
; Anal. Calcd for C28H26N2O5S ·1.2H2O: C, 64.16; H, 5.46; N, 5.34. Found: 





Pale yellow powder; mp 198.0-200.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.84 (t, J = 7.1 Hz, 2 
H), 3.41 - 3.46 (m, 2 H), 3.98 (s, 2 H), 4.64 (s, 2 H), 7.28 - 8.43 (m, 14 H), 12.62 (br s, 1 H); 
13
C 
NMR (126 MHz, DMSO-d6):35.0, 35.4, 40.4, 40.6, 124.1, 124.2, 126.0, 126.1, 126.1, 127.2 (2 
C), 128.5 (2 C), 128.7, 128.9 (2 C), 129.4 (2 C), 130.3, 130.3, 132.6, 135.1, 142.8, 144.9, 159.1, 
166.1, 167.3, 172.4; IR (KBr) cm
-1
 3388, 2928, 1717, 1690, 1613; MS (ESI/APCI Dual) m/z 469 
(M+H)
+
; Anal. Calcd for C28H24N2O5 ·0.8H2O: C, 69.64; H, 5.34; N, 5.80. Found: C, 69.71; H, 




Colorless powder; mp 187.5-188.5 °C; 
1
H NMR (600 MHz, DMSO-d6):  3.98 (s, 2 H), 4.37 - 4.41 
(m, 2 H), 4.65 (s, 2 H), 7.24 - 8.94 (m, 14 H), 12.33 (br s, 1 H);
 13
C NMR (126 MHz, DMSO-d6):
 
35.4, 40.6, 41.9, 124.1, 124.2, 126.0, 126.1, 127.2, 127.4 (2 C), 128.2 (2 C), 128.6 (2 C), 129.0 (2 
C), 130.2, 131.2, 132.2, 135.1, 138.8, 142.9, 143.1, 159.0, 166.1, 172.5; IR (KBr) cm
-1
 3293, 2930, 
1710, 1637; MS (ESI/APCI Dual) m/z 445 (M+H)
+
; HRMS m/z Calcd for C26H21ClN2O3 (M+Na)
+
, 




Pale yellow powder; mp 124.0-127.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  1.74 - 1.80 (m, 2 H), 
2.56 - 2.61 (m, 2 H), 3.19 - 3.25 (m, 2 H), 4.01 (s, 2 H), 4.67 (s, 2 H), 7.21 - 8.37 (m, 14 H), 12.54 
(br s, 1 H);
 13
C NMR (126 MHz, DMSO-d6):
 
30.7, 31.8, 35.4, 38.6, 40.6, 124.1, 124.2, 126.0, 
126.1, 127.2, 127.3 (2 C), 128.1 (2 C), 128.5 (2 C), 130.2, 130.2 (2 C), 130.3, 132.7, 135.1, 140.8, 
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142.7, 142.8, 159.1, 166.1, 172.4; IR (KBr) cm
-1
 3295, 2930, 1713, 1694; MS (ESI/APCI Dual) 
m/z 473 (M+H)
+
; Anal. Calcd for C28H25ClN2O3 ·0.2H2O: C, 70.57; H, 5.37; N, 5.88. Found: C, 




Pale yellow powder; mp 116.0-118.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  3.52 - 3.57 (m, 2 H), 
3.97 (s, 2 H), 4.03 (t, J = 6.0 Hz, 2 H), 4.64 (s, 2 H), 6.90 - 8.56 (m, 14 H), 12.54 (br s, 1 H);
 13
C 
NMR (126 MHz, DMSO-d6):35.4, 38.7, 40.6, 66.3, 116.3 (2 C), 124.1, 124.2, 124.3, 126.0, 
126.1, 127.2, 127.3 (2 C), 128.5 (2 C), 129.2 (2 C), 130.2, 132.2, 135.1, 142.8, 143.0, 157.3, 159.0, 
166.4, 172.4; MS (ESI/APCI Dual) m/z 475 (M+H)
+
; Anal. Calcd for C27H23ClN2O4 ·0.4H2O: C, 




To a suspension of 45-9 (400 mg, 0.872 mmol) in THF (9 ml) was added carbonyldiimidazole (293 
mg, 1.74 mmol), and the mixture was stirred for 2 h at room temperature. Then the mixture was 
added 28% ammonia solution (0.45 ml, 6.75 mmol) and stirred for 1 h. The resulting precipitate 
was collected by filtration, and dried to yield 45-19 (384 mg, 96%) as a colorless powder: mp 
265.0-267.0 °C; 
1
H NMR (600 MHz, DMSO-d6): 2.77 - 2.82 (m, 2 H), 3.40 - 3.45 (m, 2 H), 3.81 
(s, 2 H), 4.66 (s, 2 H), 7.00 - 8.43 (m, 16 H);
 13
C NMR (126 MHz, DMSO-d6):34.3, 36.7, 40.5, 
40.6, 124.3, 125.3, 126.0, 127.1, 127.2 (2 C), 128.2 (2 C), 128.5 (2 C), 127.6, 123.0, 130.6 (2 C), 
130.7, 132.6, 135.0, 135.2, 138.6, 142.9, 158.6, 166.1, 171.7; IR (KBr) cm
-1
 3343, 2933, 1676, 
1657; MS (ESI/APCI Dual) m/z 480 (M+H)
+
; Anal. Calcd for C27H24ClN3O2 ·0.4H2O: C, 69.72; H, 




To a suspension of 45-19 (362 mg, 0.790 mmol) in DMF (8 ml) was added phosphoryl chloride 
(0.088 ml, 0.949 mmol), and the mixture was stirred for 1 h at room temperature. The mixture was 
poured into ice water, extracted with EtOAc, dried over MgSO4 and concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography (60N) eluting with 2-10% 
CHCl3/MeOH to give 57 (256 mg, 74%) as a pale yellow powder: 
1
H NMR (600 MHz, DMSO-d6): 
2.80 (t, J = 7.3 Hz, 2 H), 3.40 - 3.47 (m, 2 H), 4.45 (s, 2 H), 4.70 (s, 2 H), 7.20 - 8.44 (m, 13 H), 






To a suspension of 57 (20 mg, 0.045 mmol) in toluene (0.45 ml) was added sodium azide (9 mg, 
0.0.136 mmol) and triethylamine hydrochloride (19 mg, 0.136), and the mixture was refluxed for 
72 h. After cooling to room temperature, the mixture was diluted with CHCl3 and MeOH, washed 
with H2O, dried over MgSO4 and concentrated under reduced pressure. The residue was purified by 
silica gel column chromatography (60N) eluting with 10-20% CHCl3/MeOH to give triethylamine 
salt of 45-20. The salt was dissolved with CHCl3 and MeOH, and the solution was washed with 
0.5N HCl aq and H2O, dried over MgSO4 and concentrated under reduced pressure to give 45-20 
(3.1 mg, 14%) as a colorless powder: mp 237.0-239.0 °C; 
1
H NMR (600 MHz, DMSO-d6):  2.77 
- 2.82 (m, 2 H), 3.40 - 3.46 (m, 2 H), 4.69 (s, 2 H), 4.68 (s, 2 H), 7.21 - 8.45 (m, 14 H);
 13
C NMR 
(126 MHz, DMSO-d6):24.3, 34.3, 40.5, 40.6, 123.8, 126.2, 126.3, 127.2 (2 C), 127.2, 127.4, 
128.2 (2 C), 128.5 (2 C), 130.4, 130.6 (2 C), 130.7, 132.6, 134.5, 138.6, 142.4, 142.7, 159.6, 166.0, 
181.6; MS (ESI/APCI Dual) m/z 483 (M+H)
+
; HRMS m/z Calcd for C27H23ClN6O (M+H)
+
, 




tert-Butyl 4-[[4-(1-methoxy-1-oxopropan-2-yl)isoquinolin-1-yl]methyl]benzoate (dl-58) 
To a solution of 54 (500 mg, 1.28 mmol) in THF (5 ml) was added potassium tert-butoxide (150 
mg, 1.34 mmol) at -30 °C and stirred for 5 min. Then the mixture was added iodomethane (0.318 
ml, 5.10 mmol) and stirred for 3 h. The reaction was quenched by adding a saturated ammonium 
chloride solution, and the mixture was extracted with EtOAc. The organic layer was dried over 
MgSO4 and concentrated under reduced pressure. The residue was purified by silica gel column 
chromatography (OH) eluting with 10-20% EtOAc/hexane to give dl-58 (319 mg, 61%) as a yellow 
oil: 
1
H NMR (600 MHz, CDCl3):  1.55 (s, 9 H), 1.70 (d, J = 7.0 Hz, 3 H), 3.67 (s, 3 H), 4.36 (q, J 





4-[[4-(1-Methoxy-1-oxopropan-2-yl)isoquinolin-1-yl]methyl]benzoic acid (dl-59) 
To a solution of dl-58 (319 mg, 0.787 mmol) in CHCl3 (3 ml) was added TFA (1.5 ml) at 0 °C, and 
the mixture was stirred at room temperature for 2 h. The reaction mixture was basified with 1N 
NaOH and extracted with EtOAc. The organic layer was washed with brine, dried over MgSO4 and 
concentrated under reduced pressure to give dl-59 (254 mg) as a pale yellow powder. This 
compound was used for the next reaction without further purification: 
1
H NMR (600 MHz, CDCl3): 
 1.55 (s, 9 H), 1.70 (d, J = 7.0 Hz, 3 H), 3.67 (s, 3 H), 4.36 (q, J = 7.0 Hz, 1 H), 4.70 (s, 2 H), 







A mixture of dl-59 (254 mg), 2-(4-chlorophenyl)amine (0.132 ml, 0.994 mmol), WSC (266 mg, 
0.1.18 mmol), HOBT (181 mg, 1.18 mmol), and triethylamine (0.331 ml, 2.36) in CHCl3 (5 ml) 
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was stirred at room temperature for 12 h. The reaction was quenched by adding a saturated 
ammonium chloride solution, and the mixture was extracted with EtOAc. The organic layer was 
dried over MgSO4, and concentrated under reduced pressure. The residue was purified by silica gel 
column chromatography (OH) eluting with 10-50% EtOAc/hexane to give dl-60 (289 mg, 58%) as 
a pale yellow amorphous: 
1
H NMR (600 MHz, CDCl3): 1.70 (d, J = 7.2 Hz, 3 H), 2.87 (t, J = 6.9 
Hz, 2 H), 3.63 - 3.66 (m, 2 H), 3.67 (s, 3 H), 4.36 (q, J = 7.2 Hz, 1 H), 4.68 (s, 2 H), 6.03 (br s, 1 






To a solution of dl-60 (110 mg, 0.226 mmol) in THF (1.5 ml) was added 1 N NaOH (1 ml), and the 
mixture was stirred for 17 h at room temperature. The mixture was acidified with 1N HCl aq. and 
extracted with AcOEt. The organic layer was dried over MgSO4 and concentrated under reduced 
pressure. The residue was purified by silica gel column chromatography (OH) eluting with 30-75% 
EtOAc/hexane to give dl-45-21 (76 mg, 71%) as a colorless powder: mp 189.0-190.0 °C; 
1
H NMR 
(600 MHz, DMSO-d6):  1.55 (d, J = 7.3 Hz, 3 H), 2.77 - 2.83 (m, 2 H), 3.40 - 3.46 (m, 2 H), 4.39 
(q, J = 7.3 Hz, 1 H), 4.67 (s, 2 H), 7.21 - 8.44 (m, 14 H), 12.49 (br s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6):17.6, 34.3, 39.8, 40.5, 40.6, 123.4, 126.1, 126.4, 127.2, 127.2 (2 C), 128.2 (2 C), 
128.5 (2 C), 129.6, 130.3, 130.6 (2 C), 130.7, 132.6, 134.2, 138.6, 140.4, 142.7, 158.8, 166.1, 
175.4; IR (KBr) cm
-1
 3297, 2935, 1723, 1635; Anal. Calcd for C28H25ClN2O3 ·0.4H2O: C, 70.04; H, 
5.42; N, 5.83. Found: C, 69.98; H, 5.48; N, 5.78. 
 
tert-Butyl 4-[[4-(hydroxymethyl)isoquinolin-1-yl]methyl]benzoate (61) 
To a solution of 53 (600mg, 1.65 mmol) in THF (17 ml) was added BH3-THF (3.30 ml, 3.30 mmol) 
at 0 °C, and the mixture was stirred at room temperature for 1 h. The reaction mixture was added 
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MeOH at 0 °C and evaporated. The residue was purified by silica gel column chromatography 
(OH) eluting with 30-70% EtOAc/hexane and then purified by silica gel column chromatography 
(NH) eluting with 50-70% EtOAc/hexane to give 61 (235 mg, 39%) as a pale yellow powder: 
1
H 
NMR (600 MHz, CDCl3):  1.55 (s, 9 H), 4.69 (s, 2 H), 5.10 (s, 2 H), 7.27 - 7.32 (m, 2 H), 7.50 - 
7.58 (m, 1 H), 7.68 - 7.76 (m, 1 H), 7.83 - 7.89 (m, 2 H), 8.08 - 8.20 (m, 2 H), 8.47 (s, 1 H); MS 




tert-Butyl 4-[(4-formylisoquinolin-1-yl)methyl]benzoate (62) 
To a solution of 61 (235mg, 0.674 mmol) in CHCl3 (7 ml) was added Dess-Martin periodinane 
(344 mg,, 0.812 mmol) at 0 °C, and the mixture was stirred for 1 h. The reaction mixture was 
washed with H2O and brine, dried over MgSO4 and concentrated under reduced pressure. The 
residue was purified by silica gel column chromatography (OH) eluting with 20-30% 
EtOAc/hexane to give 62 (200 mg, 85%) as a yellow amorphous: 
1
H NMR (600 MHz, CDCl3): 
1.55 (9 H, s), 4.79 (2 H, s), 7.32 (d, 2 H, J = 8.3 Hz), 7.62 - 7.68 (m, 1 H), 7.82 - 7.92 (m, 3 H), 





tert-Butyl 4-[[4-[(E)-3-ethoxy-3-oxoprop-1-enyl]isoquinolin-1-yl]methyl]benzoate (63) 
To a solution of ethyl 2-(diethoxyphosphoryl)acetate (0.161 ml, 0.806 mmol) in THF (4 ml) was 
added sodium hydride (38 mg,, 0.950 mmol) at 0 °C, and the mixture was stirred for 30 min. The 
reaction mixture was added a solution of 62 (200 mg, 0.576 mmol) in THF (2 ml) and stirred for 1 
h. The reaction was quenched by adding a saturated ammonium chloride solution, and the mixture 
was extracted with EtOAc. The organic layer was dried over MgSO4, and concentrated under 
reduced pressure. The residue was purified by silica gel column chromatography (NH) eluting with 
20-30% EtOAc/hexane to give 63 (198 mg, 82%) as a pale yellow oil: 
1
H NMR (600 MHz, 
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CDCl3): 1.36 - 1.41 (m, 3 H), 1.55 (s, 9 H), 4.29 - 4.36 (m, 2 H), 4.73 (s, 2 H), 6.56 - 6.61 (m, 2 
H), 7.31 (d, 2 H, J = 8.7 Hz), 7.55 - 7.61 (m, 1 H), 7.72 - 7.77 (m, 1 H), 7.86 - 7.91 (m, 2 H), 8.12 - 




tert-Butyl 4-[[4-(3-ethoxy-3-oxopropyl)isoquinolin-1-yl]methyl]benzoate (64) 
To a solution of 63 (181 mg, 0.434 mmol) in MeOH (9 ml) was added CuCl2 (44 mg, 0.326 mmol) 
and sodium borohydride (91 mg, 2.17 mmol) at 0 °C, and the mixture was stirred for 1 h. The 
reaction mixture was diluted with EtOAc, and washed with H2O and brine. The organic layer was 
dried over MgSO4, and concentrated under reduced pressure. The residue was purified by silica gel 
column chromatography (OH) eluting with 20-40% EtOAc/hexane to give 64 (110 mg, 60%) as a 
pale yellow powder: 
1
H NMR (600 MHz, CDCl3): 1.23 - 1.28 (m, 3 H), 1.55 (s, 9 H), 2.73 - 2.77 
(m, 2 H), 3.34 - 3.39 (m, 2 H), 4.14 - 4.20 (m, 2 H), 4.68 (s, 2 H), 7.30 (d, J = 8.3 Hz, 2 H), 7.50 - 
7.55 (m, 1 H), 7.67 - 7.72 (m, 1 H), 7.85 - 7.89 (m, 2H), 7.98 - 8.02 (m, 1 H), 8.10 (d, J = 8.3 Hz, 1 




4-[[4-(3-Ethoxy-3-oxopropyl)isoquinolin-1-yl]methyl]benzoic acid (65) 
To a solution of 64 (110 mg, 0.262 mmol) in CHCl3 (2 ml) was added TFA (1 ml) at 0 °C, and the 
mixture was stirred at room temperature for 1 h. The reaction mixture was basified with 1N NaOH 
and extracted with EtOAc. The organic layer was washed with brine, dried over MgSO4 and 
concentrated under reduced pressure to give 65 (95 mg) as a yellow powder. This compound was 
used for the next reaction without further purification: 
1
H NMR (600 MHz, CDCl3): 2.70 - 2.74 
(m, 3H), 3.25 - 3.30 (m, 2H), 4.02 - 4.07 (m, 2H), 4.68 (s, 2 H), 7.38 (d, J = 8.3 Hz, 2 H), 7.62 - 
7.67 (m, 1 H), 7.77 - 7.84 (m, 3 H), 8.10 (d, J = 8.3 Hz, 1 H), 8.30 - 8.33 (m, 2 H); MS (ESI/APCI 








A mixture of 65 (95 mg), 2-(4-chlorophenyl)amine (0.055 ml, 0.393 mmol), WSC (75 mg, 0.393 
mmol), and HOBT (75 mg, 0.393 mmol) in THF (3 ml) was stirred at room temperature for 3 h. 
The reaction mixture was diluted with EtOAc, and washed with H2O and brine. The organic layer 
was dried over MgSO4, and concentrated under reduced pressure. The residue was purified by 
silica gel column chromatography (OH) eluting with 10-50% CHCl3/AcOEt to give 66 (107 mg, 
82%) as a pale yellow powder: 
1
H NMR (600 MHz, CDCl3):  1.25 (t, J = 7.1 Hz, 3 H), 2.73 - 
2.78 (m, 2 H), 2.87 (t, J = 6.9 Hz, 2 H), 3.34 - 3.39 (m, 2 H), 3.62 - 3.68 (m, 2 H), 4.14 - 4.19 (m, 2 
H), 4.67 (s, 2 H), 6.02 (br s, 1 H), 7.11 - 7.32 (m, 6 H), 7.52 - 7.59 (m, 3 H), 7.68 - 7.73 (m, 1 H), 




To a solution of 66 (106 mg, 0.214 mmol) in THF (4 ml) was added 1 N NaOH (2 ml), and the 
mixture was stirred for 6 h at room temperature. The mixture was acidified with 1N HCl aq. and 
extracted with EtOAc. The organic layer was dried over MgSO4 and concentrated under reduced 
pressure to give 45-22 (84 mg, 83%) as a colorless powder: mp 208.0-210.0 °C;
 1
H NMR (600 
MHz, DMSO-d6): 2.65 (t, J = 7.7 Hz, 2 H), 2.80 (t, J = 7.1 Hz, 2 H), 3.24 (t, J = 7.7 Hz, 2 H), 
3.40 - 3.46 (m, 2 H), 4.65 (s, 2 H), 7.20 - 8.43 (m, 14 H), 12.23 (br s, 1 H);
 13
C NMR (126 MHz, 
DMSO-d6): 24.6, 34.3, 34.3, 40.5, 40.6, 123.5, 126.0, 126.3, 127.1, 127.2 (2 C), 128.2 (2 C), 
128.5 (2 C), 128.7, 130.3, 130.6 (2 C), 130.7, 132.5, 134.5, 138.6, 141.2, 142.9, 158.3, 166.1, 
173.6; IR (KBr) cm
-1
 3325, 2866, 1711, 1636; MS (ESI/APCI Dual) m/z 473 (M+H)
+
; Anal. Calcd 




In vitro pharmacological studies 
 
Binding assay 
CRTH2 transfected cells were washed and suspended in HBSS containing 10 mM HEPES, pH 7.3 
(2x10
5
cells/100 µl). The cells were incubated with 5nM 
3
H-PGD2 (GE Healthcare, Little Chalfont, 
United Kingdom) for 60 min on ice. The cells in suspension were rapidly filtered under vacuum 
through a glass fiber filter plate GF/C (Whatman Inc., Clifton, NJ, USA) using a cell harvester 
Filtermate (Packard, Meriden, CT, USA). The filters were then washed four times with ice-cold 
phosphate buffered saline containing 0.1% bovine serum albumin. Bound radio activity was 
measured with a liquid scintillation counter Top Count NXT (Perkin Elmer, Boston, MA, USA) 




 influx assay 
Human CRTH2 transfectant KB8 cells (BML Co. Kawagoe, Japan) were incubated with 1 µM 
Fluo-4 AM for 30 min at 37 ℃ in the dark. After incubation, the cells were washed and suspended 
in HBSS containing 10 mM HEPES, pH7.3, 1 mM CaCl2 (2 × 10
5
cells/100 µl). The compound and 





measured using the functional drug screening system FDSS6000 (Hamamatsu Photonics, Shizuoka, 
Japan). 
 
Th2 cells migration assay 
Human Th2 cells were prepared as follows: the CD4+T lymphocytes separated from PBMCs using 
anti-CD4 mAb were stimulated with anti-CD3 mAb and anti-CD28 mAb in the presence of IL-4 
and neutralizing anti-IFN mAb for 3 days and, then, expanded by IL-2 and IL-4 for 7 days. Th2 
cells highly expressing CRTH2 were separated with anti-CRTH2 mAb, and 2 days after the 
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separation, these cells were used in the cell migration assay. Compound-treated Th2 cells and 100 
nM solution of PGD2 were applied to top and bottom wells of the 5 µm-pore filter Chemo Tx-96 
chamber (Neuroprobe, Gaithersburg, MD, USA), respectively. After incubation at 37 °C for 1 hr, 



























Male NC/Nga mice (SLC, Japan) 11-13 weeks old were used in the experiments. All animals were 
used after acclimation for at least 4 days. The mice were given free access to water and atandard 
laboratory diet (MF, Oriental yeast Co., Japan) during the acclimation period. Environmental 
conditions were controlled at a relative humidity of 50 ± 20% and temperature of 23 ± 3 
o
C. 
Male guinea pigs (SLC, Japan) 9-11 weeks old were used in the experiments after acclimation that 
described above.  
All the studies were reviewed by the Taisho Pharmaceutical Co., Ltd. Animal Care Committee. 
 
Plasma concentrations of 5-20 in mice 
Compound 5-20 was orally administered to male NC/Nga mice. The animals were anesthetized 
with isoflurane, and blood samples were collected from the postcava and stored at -80 
o
C until the 
bioanalysis. The plasma concentration of 5-20 was determined by liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) with electrospray ionization (ESI). A 50 L aliquot of plasma was 
added with 200 L of organic solvent (acetonitrile/methanol (9: 1, v/v)) containing an internal 
standard and vortex-mixed. After centrifugation, the supernatant (5 L) obtained was directly 
injected into a LC-MS/MS system composed of a CTC HTS-PAL autosampler (CTC Analytics AG, 
Zwingen, Switzer-land), HP1100 binary pump system (Agilent Technologies, CA, US), and an API 
3000 tandem mass spectrometer equipped with a Turbo Ionspray interface (Applied Biosystems, 
CA, US). Chromatographic separation with linear gradient elution was performed on a Shim-pack 
XR-ODS (2.2 M, 3.0 × 30 mm, Shimadzu) using a 0.1% aqueous solution of formic acid and 
acetonitrile. The column temperature and mobile phase flow rate were set at 50 
o
C and 1.2 mL/min, 
respectively. Approximately 2/7 of the column effluent was directed to the ion source, and multiple 
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reaction monitoring (MRM) with negative ion detection was performed. The lower limit of 
quantification (LLOQ) for mouse plasma was 1 ng/mL. 
 
Plasma concentrations of 45-9 in mice and guinea pigs 























In vivo pharmacological studies 
 
Antigen-induced bronchoconstriction in guinea pigs 
Guinea pigs were sensitized by aerosolized 1% OVA for 10 min once daily for 8 consecutive days. 
One week after the final sensitization, the animals were challenged for 5 min with aerosolized 2% 
OVA. 45-9 was administered 30 min before and 2 h after the OVA challenge, and dexamethasone 
was administered 3 h before the OVA challenge. One week after the first OVA challenge, animals 
were challenged OVA again with the same protocol and asthmatic responses were measured using a 
two-chambered, double-flow plethysmograph system. Antigen-induced bronchoconstriction was 
evaluated as the change in sRaw at 1 min after the antigen challenge for the immediate airway 
response (IAR), and the area under the change in the sRaw curve (AUC) between 4 and 7 h 
(AUC4-7 h) after the antigen challenge for the late airway response (LAR). 
 
Cell counts in bronchoalveolar lavage fluid of guinea pigs 
24 h after the last antigen challenge, the guinea pigs were sacrificed by anesthesia and recovered 
bronchoalveolar lavage fluid (BALF). The BALF was hemolyzed and cell count per 1 ml was taken 
as the total cell count. The slides were prepared and stained using May–Grunwald stain and 
Giemza stain. Approximately 300 cells were counted and the ratios of neutrophils, eosinophils, 
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